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'. Summary of Safety Issues Related To

FMVSS No. 207, Seating Systems
.*

I. INTRODUCTION

.

The purpose of this report is to summarize recent work on the
safety issues related to the Federal Motor Vehicle Safety
Standard (FMVSS) No. 207, "Seating Systems." This technical
report has been prepared in support of the notice published in
the Federal Register by the National Highway Traffic Safety
Administration (NHTSA) concerning FMVSS No. 207. This report
first reviews the background and requirements of the present
standard, identifies seating system performance issues fur safety
guals, summarizes current NHTSA evaluations, research, and
laboratory testing, and finally reviews the technical literature
on seating system safety.

II. FMVSS NO. 207, SEATING SYSTEMS

A. The Current Standard

Federal Motor Vehicle Safety Standard (FMVSS) No. 207, "Seating
Systems," first went into effect on January 1, 1968, for
passenger cars only. The 1968 standard was basically adopted
from the requirement of the Society of Automotive Engineers
Recommended Practice J879,
Adjuster," November 1963.

"Passenger Car Front Seat and Seat

On January 1, 1972, the standard was extended to multipurpose
passenger vehicles, trucks, and buses. The amended FMVSS No.
207, "Seating Systems,@@
revised SAE 5879.

adopted the test procedures in the
The SAE 5879 was revised in July 1968 and was

renamed "Motor Vehicle Seating Systems - SAE J879b."

On March 19, 1974, NHTSA proposed a modification of FMVSS No.
207, but the rulemaking action was terminated in 1978.
Consequently, the standard has not been upgraded since January 1, '
1972.

B. Recent Petitions to Upgrade the Standard

On March 3, 1988, Edward J. Hurkey petitioned NHTSA to look into
the 'lslingshot" effect on restrained occupants during rear
impacts and to amend the requirements fur safety belt retractors
in FMVSS No. 208, "Occupant Crash Protection," and FHVSS No. 209,
"Seat Belt Assemblies." The @lslingshutlt effect is a rebound
effect whereby an occupant is propelled forward from a deformed
seat due to the recovery of elastic energy. The petitioner
believed that the emergency lock retractor (ELR) on sume safety
belts unlocked during the occupant's rebounding and therefore
could nut prevent the "slingshot"  effect during an impact. On
July 24,
granted.

1989, NHTSA notified Mr. Horkey that his petition was
The petition was entered into NHTSA's Docket No. 89-20-

NOl-001.
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On April 18,
-* ‘

1989, Kenneth 3. Saczalski ~etitiu~ed ~~TSA to
reexamine the general ~erfu~a~~e requirements of FOSS No, 207, *

In particular, the ~etitiu~ar suggested upgrading the seat back
requirements  fur rear impacts. On July 24,

4
1989, ~~TSA notified

Dr, Saczalski thpt his ~~tit~u~ was granted. The petition was
also entered into ~~~SA~s Docket Nu. 89-2Ug~Ul-UU~ and Docket No.
~~-2u~-uul~ s

On October 4, 1989, ~~TSA published a Request fur ~u~e~ts nutice
and su~ght ~u~e~ts on the Turkey and Saczalski petitions, Based
on responses tu the notice ~~ucket Nu. 89-2U-~U~~ and agency
review and analysis, on October 17, 1990, ~TSA outlived a
T~~i~at~u~ of ~ule~aki~g notice on the Turkey ~etitiu~* The
t~~~~at~u~ notice stated that ~TSA was unable tu establish that
a~e~d~~g the requirements fur safety belt retractors would
pruvide any s~g~if~ca~t safety benefits.

On December 28, 1989, Alan Cantor ~etiti~~~d ~~TSA to amend ~SS
No. 207 to eliminate ~~ra~~i~g~l along a collapsed seat back during
rear impacts. l~~a~~i~g~~ is ~uve~e~t of an uccu~a~t rearward and
upward along the seat back during a rear impact. On
February 28, 1990, ~~TSA nutified Mr. Cantor that his petition
was granted. The ~etitiu~ was entered into ~TSA~s Docket No,
F~-2U~-UU2.

c. Test ~equire~~~ts of the Current Standard

Test requirements of the current ~SS No. 207 are summarized in
the fulluwi~g paragraphs*

Each uccu~a~t seat, other than a side-facing seat or a passenger
seat on a bus shall I~withsta~d~~  the applied furces,

0 Force: A force equal to 20 times the weight uf the seat is
applied through the center of gravity (e.g.) of the seat in a
forward and in a rearward lu~gitudi~al direction. If a seat belt
assembly is attached to the seat, an additiu~al force ~WSS No.
210, "Seat Belt Assembly ~churage~~~f S4.2'~ requirements is
applied to the forward directiu~ only fur furward-facing seats
and rearward only fur rea~ard-facing seats.

0 ~u~e~t~ A force that pruduces a'~,~UU ~~ch-~uu~d mutest
about the seati~g*refere~c~  point is applied to the seat back fur
each designated seating ~usitiu~ that the seat provides, The
force is applied to the rearward diractiu~ only fur furward-
facing seats and forward unly fur raa~ard-facing seats.

0 Seat back luck ur seat back restraint device: Fur a furward-
facing seat, a forward lu~gitudi~al force equal to 20 times the
weight of the seat back is applied through the e.g. of the seat
back, Si~~larly~ fur a rea~ard-facing seat, a rearward force
equal to 8 times the Wright of the seat back is applied. In

2
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addition, the restraining device is required to "not release"
when it is subjected to an acceleration of 20g in the direction
opposite to that in which the seat folds.

D. Comparison of U.S. and Foreign Seating System
Safety' Requirements

The following table shows a comparison of test requirements on
seating systems between the U.S. and some other countries. Note
that the test requirements are essentially the same except that
the ECE Regulation #17 requires a higher test moment (4,690 in-lb
vs. 3,300 in-lb).

Comparison of U.S. and Other Country's
Seating Systems Test Requirements

-----------------------------------------------------------------
1 Test Force on 1 Test Moment on 1 Test Force on

Country 1 Seating System 1 Seating Reference Pt.! Seat Back Lock
i C.G. of Seat i (Per Seat Occupant) 1 C.G.-Seat Back

==IIXle’====L=r==P====-=r====3====-rr=PP==================~======

I t
I
I

U.S.A. I 2w i 3,300 in-lb I 2ogI 1 I
i i i

I I I
Canada I 2w 1 3,300 in-lb I 2w

I t I
-----------------------------------------------------------------
ECE I I I
Reg. #171 20g 1 4,690 in-lb I 2w
Rev. 3 I I (53 daNm) !-----------------------------------------------------------------

I I II
Japan I 2w 1 3,300 in-lb (Approx.)! 20g

II 1 (38 Kg-m) I .-----------------------------------------------------------------
I I I ,

Sweden I 209
I

1 3,300 in-lb (Approx.); 20g
1 (38 Kg-m) II-----------------------------------------------------------------

I I
Brazil I 2w

I
1 3,300 in-lb

I
I 2og

I f-----------------------------------------------------------------
I I I

Australi: 20g I
I , 3,300 in-lb

I
II 2ogI

I i i
I=t3I===L=======X=======~===~====-= ====PI==5==I=P===========~~-==

XII. ANALYSES OF SAFETY PROBLEM

A. Seating System Performance Issues

3



Based on the Saczalski and ~a~tur ~etitiuns~ the cu~ents
submitted in response to the October 4, 1989 notice, and agency
research, the agency has dete~~ned that there are four
categories of ~erfur~anca  issues which need to be addressed as
part of the cunsider~tiun  uf any upgrade of Standard No. 207,

The first ~ategury is seating systa~ integrity. Seating system
~~tagr~ty refers to the ability of the seat and its anchurage to
the vehicle to withstand crash forces withu~t failure.
of failure of the seating syst~ would include:

Examples

seat adjusters,
breakage of the

breakage of the fulding seatback lucks and
s~~~urts~ or se~aratiun uf the anchurage from the vehicle,

The second category is the energy absurb~ng capability of a seat.
The energy a,bsurbing  capability of a seat includes the fanner in
which the seat and its attachment cu~~unents absorb energy, and
the fanner in which the seat and its attachment ~u~~unents
release energy.

-The third category is ~u~~atibility of a seat and its head
restraint. The ~un~ern in this ~ategury is that any change in I
seat back energy a~sur~ing capability could exacerbate head ur
neck injuries if the geu~etry and energy absorbing ratability of
the head restraint is nut also changed.

The fourth categury is the safety belt restraint system. A
seating system and its safety belt restraint system must
~u~~le~ent each other to prevent injury, Several ~an~fa~t~rers
are ~unsider~ng integrated seats, i.e., seats which have the
safety belt attached to their seat structure to increase the
~u~~atibility  of these systems.

B. Seating system safety ~un~erns

Must of the ~un~erns raised in the rule~aking ~etitiuns~ in
uu~ents submitted in response to the October 4, 1989 Request fur
~u~ents~ and in the literature relate to the energy absurb~ng
characteristics  of the seating system* ~~e~ifi~ally‘  they
~un~srn how to achieve a proper ~~ba~an~e~~ in stiffness, ~uncsrn
has been expressed by ~u~enters and in the literature that if a
seating system is too stiff, injuries could be increased in a
rear impact ~ullisiu~ because of the exa~erbat~un uf several
~ruble~s: uc~u~a*nt rebound off the seat back into the frontal
cu~~u~ents~ ra~~~~g of the u~cu~ant into the roof of the vehicle,
direct cu~ta~t with the seat back, and phasing ~ruble~s between
the ~sck~ba~k body regions ~u~ta~t~ng the head restraint and the
seat back. On the other hand, ~un~ern has been expressed that if
the seating system appears to bend too far backward when the
vehicle is struck in the rear, injuries to front seat uccu~ants
cuuld be increased by the exa~erbatiun of several uther ~ruble~s~
ragging toward the rear ~u~~unents, cunta~t with the rear seat
andJur rear seat uc~u~ants‘ and loss of vehicle control.

4



, . . . %

e- Further, there could be an increase in injuries fur rear seat
occupants also.

In an attempt to define the proper "balancel'  related to this
energy absorbing or stiffness characteristic plus a better
understanding uf'the other issues discussed above, a number of
efforts have been undertaken. The first effort was to publish a 'i
notice of Request fur Comments in the Federal Register requesting
comments on the subject petitions and information on seat back -3

performance characteristics. Partial results of this effort were
published in another notice, a Termination of Rulemaking, in the
Federal Register and are discussed further in subsequent sections
of this report.

The remaining part of this section is concentrated on seating
system related data analysis and review. Analyses were
undertaken of NHTSA accident data files including both an
exploratory data analysis and a hard copy investigation of
selected cases. A review of NHTSA tested seating system
performance data was conducted including FMVSS No. 207 and F?WSS
No. 301 rear impact tests, and New Car Assessment Program (NCAP) :
rear and frontal impact tests. Also, the agency's recent defect
investigation files related to this subject were examined.

C. Accident Data

1. National Accident Sampling System -
Exploratory Analysis of Computerized
Database

The 1988 to 1990 National Accident Sampling System (NASS) data
describe seat type and seat performance for occupants of light
passenger vehicles that were towed from the scene because of
damage received in the crash. NASS also collects data describing
the crash circumstances, vehicle damage, occupant factors, and
resulting injuries. The NASS sites were randomly selected to
represent the national accident experience and cases were
selected randomly in each site, so,the weighted NASS data produce
national estimates of light vehicle tuwaway accidents. The
complete analysis of the NASS data is presented in a detailed
report, "Seat Damage and Occupant Injury in Passenger Car Towaway
Crashes," Susan C. Partyka,
Rulemaking,

Office of Vehicle Safety Standards,

8, 1992.
National Highway Traffic Safety Administration, June

This report can be found in NHTSA's Docket No. 89-20-
N03.

I

In interpreting the results, the report states that "[t]his
report describes an exploratory data analysis of seat damage and
occupant injury performed to provide insight into injury
mechanisms, to suggest questions for further research, and to
help establish the safety priority of these questions. Occupant
involvements and injuries were estimated from a statistical

5



I :.. . *

‘ ‘I

survey of tuwaway crashes, and these estimates are subject to -a

sampling and nunsampling error. estimates of sampling
variability are beyond the scope of the present effort, and no
claims of statistical significance are implied by the ~umparisons
made here."

Ten percent of uc~upied frunt-uutbuard passenger car seats (the
driver and right-frunt seats) were deformed (by uccupant cunta~t
or intrusiun~ or their hardware was damaged in the crash (the
seat adjusters, fulding lucks, tracksI or anchors were bruken~.

While must of the interest related to seating system perfu~ance
has been focused on rear impacts, it should be stressed that seat
damage occurs in all crash modes. Rear impacts a~cuunt fur a
third of seat damage, and seat damage was much more cu~un in
rear impacts than in other tuwaway impact types. In recent
tuwaway crashes,

38 percent of seats in rear impacts were damaged~
19 percent of seats in near-side impacts were damaged~
9 percent of seats in rollover crashes were damaged~
7 percent of seats in far-side impacts were damaged~ and .
5 percent of seats in frontal imparts were damaged.

The type of seating system damage differed amung the different
crash modes, Deformation from u~cupant loading ~whi~h relates to
the energy absorption issue) a~~uunts fur 71 percent of the
damage types in rear impacts. The seat damage in frontal impacts
and rollover crashes relate about equally to broken hardware
~whi~h relates to the structural integrity issue) and occupant
loading= For side imparts, seat damage primarily relates tu
defu~atiun from vehicle intrusiun, which is nut being considered
within this effort. It appears that damage in frontal crashes is
assuciated with more severe crashes ~umpared to that seen in rear
impacts, For crashes with known severity as measured by delta-v,
41% of the seats damaged in frontal impacts uccur with a delta-v
of at least 20 mph, while in rear impacts, 24% occur with a I
delta-v of at least 20 mph. The energy absorption ~uncern
appears to be mure an issue in rear impacts, where the indication
of structural integrity problems appears to be much less than
thus% associated with uc~upant loading.

In examining the.accident data for infu~atiun linking the
perfu~an~e uf seating systems with injury causation it was found
that uc~upants in damaged seats tended to be injured mure
severely than u~~upants in undamaged seats, largely because seat
damage indicated a high-severity crash. Thus, in order tu
further explore the relationship between seat damage and injury~
several methods were utilized to control fur crash severity.
These ~ethuds are fully discussed in the detailed paper on this
analysis as presented in the previuusly referenced report,

6
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c Overall the results were unclear and did not consistently show a
pattern of increased likelihood of injury fur damaged seats.

For the injury rate comparisons that were made within ranges of
crash severity, in frontal crashes, occupants of damaged seats
had higher injury rates than did those in undamaged seats fur
each 10 mph range of delta-v. It is not cliar from these data
whether stronger seats would have prevented injury, because
crashes in which seats are damaged may differ in important ways
from those in which seats are nut damaged, even within a range of
crash severities. It also should be stressed that the type of
damage in frontal crashes are mixed -- the damage types consists
of what was defined earlier as structural integrity and energy
absorption characteristics. Also, it should be repeated that
only a small percentage of seats sustain damage in frontal
impacts. In any case, there dues appear to be some indication
that the likelihood of injury to occupants is greater fur damaged
seats.

Fur rear impact crashes, the data are very limited after
-controlling for crash severity. However, the results are mixed, :
with occupants of damaged seats having higher injury rates than
those in undamaged seats in the lower delta-v ranges, while in
the higher delta-v ranges the occupants of undamaged seats had
higher injury rates. Fur rear impacts this damage was primarily
related to the energy absorption characteristic.

The previously referenced report examines many other variables
related to seat damage that would need to be controlled for in
isolating the effect of seat damage on injury causation. For
example, the analysis concluded that the likelihood of seat
damage increases with increasing occupant weight and increasing
age of the vehicle.
undamaged seats,

Also, belt use rates were higher in
possibly because belt users tended to be

involved in less severe crashes, ur because belt use reduces
occupant loading of the seat.

The exploratory NASS analysis also.examined any similarities
and/or differences in injury patterns for occupants of damaged
and undamaged seats. The analysis found that unbelted occupants
of damaged seats in rollover, frontal impacts, and side impacts
were more likely to be ejected than were unbelted occupants of
undamaged seats. In large part, the differences in ejection
rates reflect differences in crash severity -- severe crashes
were more likely to result in seat damage and to involve occupant
ejection and injury.
damage to the rear,

There are very few ejections from cars with

occupants in damaged
but the available data do nut suggest that
seats were more likely to be ejected than

were occupants in undamaged seats.

As to the distribution of body regions injured and the source of
these injuries, the previously referenced report presents the

7
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results of this analysis fur all crash modes. In this su~ary~
specific attention is fucused on rear crashes.

*
For these

~mpa~ts~ the head~ne~k area generally ac~uunted for 42% uf the
moderate or greater injuries (AIS 2+),

*
while the torso accounted

fur 57% of serious and mure severe injuries (AIS 3+j. Seat backs
were cited as the source of moderate and muri severe injury in a
high percentage of cases:

13 percent fur those unbelted in undamaged seats,
6 percent fur those belted in undamaged seats,

26 percent fur those unbelted in damaged seats, and
24 percent fur those belted in damaged seats.

U~~upants of seats da~agsd in rear impacts receive mure of their
injuries from seat back ~unta~t than did uc~upants in rear
impacts with undamaged seats. This may reflect, in part, the
severity of the crash that resulted in heavy u~~upant loading of
the seat back.

Fur u~~upants with damaged and undamaged seats in rear impacts, a
high percentage -- approximately 7Q% fur undamaged seat injury
sources and approximately  30% fur damaged seat injury sources --
of the injuries were attributed to passenger ~umpartment front
~umpunents~ this suggests that the u~~upant may have rebounded
from the seat, forward, ur contacted frontal ~umpunents as the
seat back rotated backwards or contacted the frontal components
in a subsequent frontal impact.

There were very few moderate and more severe injuries attributed
to a contact that could be determined to have been made behind a
normally-seated  front-outboard u~cupant -- none fur u~cupants in
undamaged seats and approximately 3% fur damaged seats. As
discussed in the detailed report, defining rear ~unta~ts is
difficult from the automated file. injury suurces that could be
defined unambiguously  as rear include the rear header# backlight
area, and pillars rearward of the B-pillar. However, many of the
identified injury suurces were ~ompunents that extended buth
fur-ward and rearward of the uccupant -- fur example, the roof and
side rails; the B-pillar was also classified as an ambiguous
source.

The likelihood of injury and the pattern of injuries fur damaged
and undamaged seating systems especially in rear impacts dues not
provide clear evidence as to the direction for upgrading the
stiffness of seat backs. Possible injuries due to ramping or
~unta~t~ng the rear components are limited. There are a great
nuder of frontal ~untacts which could be due to rebound and must
be ~uns~dered in any impruvement. The seat back is cited as a
suurce of injury in many cases for damaged and undamaged seats.
While this percentage is greater for damaged seats, this may be a
result of the greater crash severities assuciated with seat back
damage* In any case, because of the high frequency uf serious

8
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.- torso injuries and seat back contacts, any change in energy
absorption characteristic must consider this direct interaction.
The high percentage of head/neck injury also demonstrates the
need to consider the head restraint and occupant height along
with any modificatiqns to the seating system.

'2. Hard Copy Studies :R

To further evaluate how injuries occur and their relation to seat
damage in frontal and rear impacts, hard copy cases from the NASS
1988-90 files were selectively reviewed. This work was conducted
as part of an agency contractual research project, and results of
the study are presented in a report, "Upgrade Seating - Patents,
Literature Search, and Accident Analysis," Kennerly Diggs and
John Morris, University of Virginia, Prepared fur the National
Highway Traffic Safety Administration, September 1, 1992. This
NHTSA sponsored research report can be found in Docket No. 89-20-
N03. Three sets of cases were selected as follows.

Set Impact No. of Cases Case Selection Criteria
------------------------------------------------------
1 Rear 18 30-39 mph delta-v
2 Rear 31 AIS 2+ or seat damage
3 Frontal 6 Seat damage

A general discussion of the reviewed cases is presented. Since
the cases are unweighted NASS data, the discussion is anecdotal.

a. Eighteen Rear Impact Cases

The 18 rear impact review set encompass all cases in 1988-90 NASS
with a rear damage delta-v 30 to 39 mph. Actual impact speed of
those cases would be much higher than the delta-v range. For
example, NHTSA's New Car Assessment Program conducted 35 mph rear
impact tests on 1979 to 1981 model vehicles, the delta-v range
was 18-26 mph.

The distribution of occupant injuries based on the maximum AIS
was as follows.

9
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Front Uc~upants Rear Occupants .***********************************---**-----*******

AIS 0 3 1
AIS 1 12 3
AIS 2 6
AIS 3 2‘
AIS 4-5 Q -

AIS 6 1 ~Eurn~
AIS 7 conk Inj) 1

Rear impact caused injuries were at low levels fur these severe
impacts.

The must frequently injured body part was the head and face, and
the highest severity injuries were inflicted to the head and
chest. In terms of the probable injury source, steering wheel
(95 was the must frequent,
headrest (51,

followed by the seat back ~~~~ .
and flying glass 14). However, the number of

nun~onta~t injuries (9) was equal to the number of injuries
caused by the steering wheel.

In this small sample, 19 of the 29 u~~upants were restrained.
The injury rate for AIS 2+ fur restrained u~cupants is lower than
the unrestrained  u~~upants (26% vs. 50% based on unweighted
data).

In additiun~
contacts with

11 of 25 front seat uc~upants suffered injuries from
frontal ~umpartments. Two uf these frontal injury

cases involved only rear3ard crash forces.

Fur seat damage effect, ramping of the u~~upants was difficult to
identify in all the cases. Ramping was clearly nut relevant to
injuries in 21 of 29 u~~upant cases. Seat deformation may have
~untributed to only two of the uc~upant injuries. In one case,
ramping may have contributed to the head injury {AIS 2) from the
rear header,
safety belt.

and an associated AIS 2 abdominal injury from the
The other case's relevant injury was at a minor

severity level.

On the other hand, rebound may have cuntributed to injuries in 12
of 25 cases. In many cases, a frontal impact followed the rear
imparts thereby adding tu the rebuunU velocity. This is also
cunsistent with the observation that the steering wheel is the
must frequent cause of injury.
injury was minor.

Fur the must part, the rebound

b. Furty-Nine Rear Impact Cases

The 31 additionally selected rear impact cases had une group with
two cases of delta-v greater than 40 mph and the other group with
restrained occupants suffering AIS 2+ injuries at any delta-v.
To provide a mure detailed review of the seat perfurman~e~  the 31

10



.c cases are combined with the already examined 18 cases to become a
review of 49 rear impact cases.

Three cases of seat adjuster failure were noted and all were
associated with seats deformed by occupant impact. Yet no AIS 2+
injuries from seat adjuster failure could be positively
identified from the rear impact cases examined.

Fourteen cases of folding lock failures were reported. Five of
the occupants may have suffered AIS 2 injuries that were
exacerbated by the failed locks. In four of five cases, the
suurce of the AIS 2 injury is unknown. Thus, the evidence of
seat luck failure contribution to injury is unclear.

Two cases of seat anchorage failures were reported. The maximum
injury fur the occupants in both of these cases were AIS 1. It
appears that seat anchorage failures were not associated with any
serious rear impact injuries.

To further examine issues concerning occupant injury vs. seat
damage, the analysis concentrated on the seat back yielding
issue. The combined 49 cases were divided into two groups - no
permanent seat back yielding and permanent seat back yielding.
In addition, only injuries of AIS 2+ were included. Thirty-five
occupants in the 49 cases met the criteria fur inclusion in this
analysis.

-In the "no permanent seat back yielding" group, 16 of 17
occupants were restrained. No injuries were identified which
resulted from ramping or seat related deformation. However,
frontal injuries were present in 8 of the cases. This suggests
that rebound may be frequent and the possibility that rebound may
have contributed to some injuries.

In the ttpermanent seat back yielding" group, 16 of 18 occupants
were restrained. Seat deformation may have contributed to three
of the injuries, and ramping may have contributed to one.

,

However, rebound is also frequently present. Seven of 16
occupants had injuries from frontal sources. Four of the cases
were single event rear impacts.

This analysis also examined 8 cases in which vehicles contained
rear seat occupants. Some minor AIS 1 injuries could be
attributed to the front seat deformation. However, it is not
possible from the data to assess the degree to which front seat
deformation contributes to the injuries of rear seat occupants.

11



c. Six Frontal Impact Cases

Six frontal impact cases were reviewed. They involve three seats
which are reported to have tra~k~an~hurage failures, two which
deformed under u~~upant loading and one which moved forward under
impact. From the previously referenced university of Virginia
report: "Fur the seats which were deformed by uc~upant impact,
no ~untributiun  of the seat to the injury was evident. ~uwever~
fur the seat that moved forward during a frontal impact and the
three tra~k~anchurage  failures, seat ~untribution to the injury
severity is possible. In all of these cases, uc~upants
experienced injuries higher than expected fur the crash severity.
The higher injuries were consistent with those expected from
undesirable seat loading of the u~cupant.~~

d. Sugary of Hard Cupy Studies

The agency ~untractual report summarizes the findings as follows:

"This preliminary analysis suggests that improvements
in seat perfurman~e is a mure cumplex matter than
simply increasing the strength of the seat back.
Legitimate ~uncerns exist uver the potential increase
in neck injuries and rebound injuries which might
ac~umpany strengthened seats.

Harm analysis by ~alliaris [Reference: Data Link,
19901 provides insights of injury frequency and
severity in rear impacts. His analysis shows that
nun~unta~t neck injuries ~unstitute more than 20% of
the Harm to restrained uc~upants. The head restraint
is the largest suurce of contact Harm (17%). The role
of head restraints in nuncuntact neck injuries and
~untact head injuries needs to be studied in
~unjun~tiun with any seating system modifications.

Furet-3runo (91) found a significant increase in head
restraint effectiveness as seat back strength in
Renault cars was increased to meet the EEC standard.
He suggested that the lower-strength,  prestandard seats
defurmed at a force level belu~.that which induces
nun~unta~t neck injury. He ~un~ludes that strengthened
seats are likely to increase the demand on head
restraints to mitigate the neck injury risks.

Cur data analysis did nut permit the ~antificatiun  of
neck injury risks fur deformed versus nundefu~ed
seats. In the accident cases we analy~ed~ we found
three nun~onta~t neck fractures in seats which did nut
deform. No nuncuntact neck fractures were observed in
seats which defurmed.
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.c 'Rebound' type injuries occur frequently in crashes
which involve rear impacts. Malliaris found that 16%
of the Harm in rear impact NASS cases was from frontal
contacts. In many of the cases, the rear impact is
followed by a frontal impact, either in a line of
stopped tra'ffic', or by being accelerated into a fixed
object. In these cases, and in cases where no
subsequent impact occurs, injuries from impact with
frontal components of the vehicle are frequently
observed. Fur the data set of AIS 2+ injuries in
selected rear impacts, injuries from frontal components
were believed to be presented in 15 of 35 occupants.
It is not possible to determine how many of these
injuries were related to the elastic response of the
seat, or from other phenomena. However, some seat
induced rebound phenomena can be observed in FMVSS 301
rear impact tests. It is evident that the rebound

*phenomena needs to be researched in conjunction with
future seat improvements.tt

b. Seating System Performance in NHTSA Conducted Tests

1. FMVSS No. 207 Compliance Tests

From the FMVSS No. 207 compliance tests that covered fiscal year
(FY) 1972 to 1986, seats in 6 out of 169 (4%) tested vehicle
models failed the requirements. For FY 1991, no seats in the 10
tested vehicle models failed the requirements. The compliance
test results indicate that FMVSS No. 207's requirements have
achieved the intended goals for maintaining a certain minimum
performance level for the integrity of vehicle seats. More
information about the six seat failure cases is presented as
follows*

Model Yr/Make Model Seat Failure Description
***********-***************~-************************************
1972 Toyota Corona Front seat back/rear seat back cushion
1972 Ford Mark IV Front seat tracks
1974 Ford Monterey Rear seat back anchorages
1975 Ford Mustang II Rear seat cushion
1982 GM s-15 Track
1982 GM c-10 T r a c k

2. .FMVSS No. 301 Rear Impact Compliance
Tests

I

To study the performance of production vehicle seat backs in rear
impacts, FMVSS No. 301, "Fuel System Integrity," compliance tests
were reviewed. FMVSS No. 301's rear impact test requires a 4,000
lb. flat-face rigid barrier crash at 30 mph. It also specifies
Part 572 50th-percentile restrained test dummies (uninstrumented)
at each front outboard designated seating position.

13



A total of 54 test reports (FY 1987 to FY 1991) were reviewed.
Seat back deflection remaining after the test was measured in
terms of degrees of backward rotation from the pre-test
urientatiun. The rutatiuns were measured from post-test
photographs in the reports. The following list shows the seat
back deflection from those tests. It is noted that significant
seat backward rotation in tested vehicle were very frequent.

~SS No. 301 Rear Impact Report Review un
Vehicle Seat Back Deflection (Degrees of Rutatiun~

FY U-10 lo+ * 20 2u+ * 30 3u+ Tutal.Number
**********-*****************-*******************************
87 15.4% 53.8% 23.1% 7*7% 13
88 11.1% 11.1% 44.5% 33‘3% 9
89 **' ** 6U.U% 4U.U% 5
9u 10.0% 40.0% 10.0% 4U.U% 10
91 11.8% 23.5% 47*1% 17.6% 17

To examine occupant~s ramping and rebound effects during rear
impacts, 12 recent FOSS No. 301 rear impact test films were
reviewed ~twu-1991 and 10-1992 vehicles~. The observed results
are presented as follows. Frum this review, no ramping was
observed due to the 30 mph impact and the belt system appears to
prevent or reduce the degree of rebound.

FOSS No. 301 Rear Impact Test Film Review on
Occupant Ramping and Rebound Effects

Model Yr~Make Model Ramping Belt Restrained Dummy Rebound
*****************************************************************
1991 Ford Explorer No Duties did nut contact belts
1991 VW Jetta No Yes
1992 Mitsubishi Expo NU Yes
1992 Toyota Camry No Yes
1992 Ford C. Victoria No ? Duties out of camera's view
1992 Uldsmubile Royal 88 No ? Same as above
1992 Buick Road Master No .? Same as above
1992 Hyundai Elantra No ? Same as above
1992 Pl~outh Acclaim No ? Same as above
1992 Tuyuta Paseu No ? Same as above
1992 Acura Vigor No ?'Same as above
1992 Pl~uuth Voyager ? ? The van has tinted windows

? = unknown

In sugary, from reviewing ~SS No. 3Ol#s 30 mph rear impacts,
It appears that front seat backs frequently deform to a high
degree but no apparent ramping effects were observed. In
additions it appears that rebound effects were minimized by the
use of belt systems.

14



.r 3. New Car Assessment Program Test

NHTSA conducted 55 FMVSS No. 301 rear impact tests at 35 mph
under the New Car Assessment Program (NCAP) on 1979 to 1982 model
year vehicles. The tests show that, under the 35 mph test, it
was estimated that a'11 the front seat backs.rotated backward
permanently for more than 30 degrees (13 seat backs rotated 30 to
40 degrees and 80 seat backs rotated 45 to 80 degrees) and must
of the front seat backs touched the rear seat back. The legs of
all the driver dummies hit the steering wheel, consequently, the
driver dummies mainly rotated with the deformed seats. To
further study the performance of production vehicle seat backs in
rear impacts, films and reports of three NCAP tests that
sustained seat back rotation of 60 degrees or more were reviewed.
Results are listed as follows.

FMVSS No. 301 Rear Impact NCAP Tests on
Occupant Ramping and Rebound Effects

No. Model Yr/Make Model Ramping Rebound
**************************************************************
(1)
(2)
(3)

(1)

(2)

(3)

1982 Chevrolet Cavalier No (D) No (PI No (D) Some (P)
1981 AMC Spirit No CD) No (PI No (D) Some (P)
1981 Isuzu I-Mark No (D) Some (P) No (D) Some (P)

D = Driver Dummy P = Passenger Dummy
Some = Possible occurrence but nut apparent, decision was

based on contact marks on dummy and film observation.

Both dummies' heads contacted the rear seat back.
The passenger dummy has a little contact mark on the chin
and there is contact mark on the shoulder belt.
The driver dummy's head contacted the rear seat back.
The passenger dummy has a line of facial contact mark
probably due to contact with the shoulder belt.
The rear seat back was pushed up during the impact to meet
the dummies. i
The driver dummy's head contacted the rear seat back.
The passenger dummy's head contacted the roof area above the
rear window. There are sume scratch marks on the dummy's
face and a little contact mark un the shoulder belt.

NHTSA has conducted 35 mph frontal impacts on vehicles since
1979. Although the focus of this present effort is mainly
related to rear impacts, recent NCAP frontal impacts were also
reviewed as to seating system performance. From the 1987 to 1991
tested vehicle models, three were identified fur further study
from those having seating system damage. The three test results
are reviewed and summarized as follows:
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FOSS NO. 208 Frontal Impact NCAP Tests on
Seating System Damage

No. Model Yr~Make Model Seating System Damage
*********-*******************************************************
(1) 1990 ~~ . 325i Both seat height adjusters released
(2) 1991 Buick Century Both seats shifted forward
(3) 1991 GM Saturn SL2 Driver seat shifted full forward

NCAP tests on Wan No. 20% have instrumented duties. Responses
of the duties fur the three tests are listed as fulluws:

NO, Head injury CHOCK Chest Deceleratiun Ave. Femur Luads
Driver Passenger Driver Passenger -I Driver Passenger

*****************************************************************
(11 1,036' No Data 5% No Data . 8591b. No Data
(21 815 1,144 47g 4w 1,177lb. 247lb*.
c31 918 1,018 4% 4% 1,168lb. 1,076lb.

All the duties had knee contacts with the instrument panel.

cl> The driver du~y~s head contacted the deployed airbag and
the passenger dummy~s head contacted the instrument panel.

(2) The driver du~y's head and chest contacted the steering
wheel and the passenger du~y's head contacted the
instrument panel.

(3) The driver dummy's head ~unta~ted the steering wheel.

In su~ary~ from reviewing the NCAP's 35 mph test impact data, it
appears that seats routinely deformed to a high degree in rear
impacts. Yet, only limited ramping effects were observed and
sume possible minor rebounding was observed. It is alsu
interesting to note the leg contact made with the steering wheel
due to the rotation of the duty in rear impacts. This may
acuu~nt fur some of the frontal contacts seen in the accident
data. Relatively infrequent seating system damage was observed
in frontal impact tests.

E. Defect ~nvestigatiun Data

NHTSA is responsible fur investigating safety related defects on
in-use mutur vehicles. The agency has received many ~unsumer
~umplaints un seating systems. Between FY 1985 and FY 1992
(August) e the agency has initiated 55 investigatiuns due to *
pussible seating system defects. The number of vehicles affected
by these ~nvestigatiuns amount to 17.5 milliun vehicles and the
vehicle model years are from 1981 to 1992. .

The 55 vehicle seat defect investigations relate to 13 cases un
seat backs, 11 seat track or an~hurage failures, 2 seat track and
an~hurage failures, and 29 other seat failures. In additions at
least 15 of the 55 cases have indicated that the defective
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.- seating system may have resulted in loss uf vehicle control.
Possible occupant injuries related to the investigated cases are
159 nonfatal injuries and 5 fatalities.

The 55 investigated cases resulted in 9 safety recalls which
affected about 3.2 million vehicles and 74 nonfatal occupant
injuries. The following two tables show a $ummary of the 9
safety recall cases which include numbers of complaints received
by NHTSA and the affected manufacturers.
more details about the 9 safety recalls.

Attachment 1 provides

In summary, the agency vehicle seat defect investigations
indicate that some seats lost integrity or failed while the
vehicles were in operation without any impact. This could
indicate an additional seat failure mode due to initial design or
construction inadequacies or component fatigue, a failure mode
which is not covered in the current standard's requirements.

17



NHTSA Vehicle Seat Defect ~nvestigatiuns
Safety Recalls 3etween FY 1985 And FY 1992 ~August~

NO. ~TSA Recall Manufac Model Yr. Vehicle Seat Defects
Campaign No. _ Population

************************-*******************************-***-****
1 89VUllUUU

2 86VU82UUU

3 87VO79OOU

4 89Vl7UUUO

5 88v061000

6 88Vu6uu00

7 91VO36000

8 88VO58000

9 88V147000

Chrysler

Ford

General
Motors

Ford

Chrysler

Chrysler
(~C)

Ford

Utili-
master
Corp.
Mack
Trucks

1985

1984

1983 to
1984

1985 to
1987

1985 to
1986

1983 to
1984

1988 to
1989

1988

1982 to
1988

Fatigue Failure (21

6U‘UUO

195,732

1,136,4U7

1,375‘5UU

1,500

149,000

278~000

10

11~000

Seat Frame (1) _

Seat Back

Track and{ur
Anchurage

Track

Seat Frames
Seat Back

Seat Back

Seat Fire
~Puwer Seat)

Track [2)

Seat Tether
(21

Faulty ~nstallatiun

,
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Number of Reported Complaints and Injuries

Manufacturer; 01 02 03 04 05 06 07 08 09 Total
_____------------------------------------------------------------

Comnlaints
NHTSA I 33 25 25 18 29 '18 8 0 1 157

1
Manufac I 83 115 136 50 99 43 50 0 0 576

----------------------------------------------------
116 140 161 68 128 61 58 0 1 733

ht

:

Nonfatal Iniuries
I 0 6 10 2 1 1 0 0 1 21I

Manufac i'I 3 29 16 1 3 1 0 0 0 53
_______---------.------------------------------------

3 35 26 3 4 2 0 0 1 74

IV. PETITIONS AND REQUEST FOR COMMENTS

A. Petitions

Three recent petitions requested NHTSA to amend FMVSS No. 207,
"Seating Systems."
impacts.

All the three petitions related to rear
Edward J. Horkey petitioned the agency on March 3, 1988,

to look into the "slingshot" effect on restrained occupants. The
petitioner suggested that NHTSA amend the requirements for safety
belt retractors in FMVSS Nos. 208 and 209.
petitioned the agency on July 24,

Kenneth J. Saczalski
1989, to reexamine the general

performance requirements of FMVSS No. 207, in particular, to
upgrade the seat back requirements.
agency on December 28,

Alan Cantor petitioned the

llrampingV1
1989, to amend FMVSS No. 207 to eliminate

along a collapsed seat .

The following table summarizes the relevance of the requested
amendments from the three petitions to the four previously defined i
seating system performance issues.' The first issue concerns
seating system structural integrity, the second issue refers to
the energy absorbing capability of the seat, the third issue
relates to the compatibility of the seat back with respect to the
head restraint, and the fourth issue relates to the safety belt
restraint system..

Petition Issue 1 Issue 2 Issue 3 Issue 4
---------------------------------------------------------
Horkey No Some No Yes
Saczalski Yes Yes Some Some
Cantor Yes Yes Yes Yes

NHTSA granted the three petitions and started the rulemaking
actions. The agency published a Request for Comments on
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October 4, I989, seeking co~ents on the Horkey and Saczalski
petitions* The Cantor petition was not in time to be included in
the notice, but is included in this review.

NHTSA terminated.th~  rulemaking action of the Horkey petition on
October 17, 1990, based on responses to the Request fur Co~ents
notice and agency review and analysis. The agency stated in the
te~ination notice that NH~SA was unable to establish that
amending the requirements for safety belt retractors would provide
any significant safety benefits. however  , in the notice, the
agency indicated it would cuntinue to examine this issue,
Ru~e~aki~gs on the Saczalski and Cantor petitions are.still
unguing=

3, Request for Cu~ents

The Request fur Comments notice encompasses all seating system
issues raised in the petitions~ In terms of the Horkey and
Saczalski petitions, the notice asked a series of questions
cuntained in six issues.

u Seat Back Stiffness in Rear Impact
u Dual-Mode Sensing Emergency Locking Retractors
0 Costs of Requiring Dual-Mode ~ergency Lucking

Retractors
o Consumer Acceptance of Dual-Mode ~ergency Lucking

Retractors
o Other Seat Back Performance Requirements
0 Seat Performance Measurement and Test Requirements

As of March I, 1992, there were twenty-two ~22~ entries in Ducket
No. 89-20, Notice 1 responding to the Request for Co~ents~ Ten
[IO) entries are from automobile manufacturers ~Manufac~, six (6)
from vehicle safety consultants ~Consult~~ two (2) affiliated with
university accident research teams ~~niv~, one (1) from a
cuntractual report prepared for Transport Canada ~Report~~ and one
(I) from a safety belt association hassock The remaining two (2) ‘
entries are the copies of the two petitions and an NHTSA sponsored
research report mothers.
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.- Analyzed Entries in Docket No. 89-20, Notice 1
.

No. Dot. Date Page Group Name
-----------------------------------------------------------------

002
003
004
005
008
009
013
014
015
016
007
011
012
017
022
006
019
010
018

11/01/89
11/29/89
11128189
11/28/89
11/30/89
12/04/89
12/01/89
12/07/89
12/06/89
12/08/89
11/27/89
11/29/89
11/30/89
12/01/89
12/03/91
11/27/89
01/03/90
12/04/89
01/23/90

.l .
6
2
6
2
6
1
5
4
4
7

95
3
2

46
1

24
3

45

Manufac
Manufac
Manufac
Manufac
Manufac
Manufac
Manufac
Manufac
Manufac
Manufac
Consult
Consult
Consult
Consult
Consult
Univ
Univ
Asso
Report

Navistar International Trans. Corp
Ford Motor Company
Volvo North Am. C Volvo Car Corps.
Chrysler Motors
Thomas Built Buses, Inc.
General Motors Corporation
Fiat Auto U.S.A., Inc.
Mercedes-Benz of North Am., Inc.
Volkswagen of America,' Inc.
Toyota Motor Corp. Services of Am.
Horkey, Horkey & Associates Inc.
Saczalski, Environ. Res. C Safety
Hoar, Ralph Hoar C Associates
Warner, Collision Safety Engr. Inc
Shaw, Shaw Research & Consulting
Gorski, Accident Research, UWO
Macnabb, Accident Research, UBC -
AORC, Auto. Oct. Restraint Council
TES Limited, Ontario, Canada

The agency interpretation and analysis of the comments is
conducted according to the previously defined four seating system
performance issues. They are Issue 1:
Issue 2:

Seating System Integrity,
Energy Absorbing Capability of Seat, Issue 3:

Compatibility of Seat Back and Head Restraint, and Issue 4:
Compatibility of Seat Back and Safety Belt Restraint.

The comments of the above listed nineteen docket entries are
analyzed in terms of the four seating issues and the results are
summarized in the following tables. Original entries of the
comments are in Docket No. 89-20, Notice 1.

21



Analysis of Co~ents
Docket No, 89-20, Notice I, 54 FR 40896

Issue I: Seating System integrity

No, Group Name . Seat Damage Damage.Causes Upgrade
Occurs occupant Xnj. ~SS 207

-------------------_---------------------------*-------------
002 Manufac Navistar

003 Manufac Ford

UO4 Manufac Volvo

005 Manufac Chrysler

008 Manufac Thomas

009 Manufac GM

013 Manufac Fiat

014 Manufac Mercedes

015 Manufac ~

016 Manufac Toyota

007 Consult Horkey

011 Consult Saczalski

012 Consult Hoar

017 Consult Warner

022 Consult Shaw

006 Univ Gorski

019 Univ Macnabb

010 Asso AORC

018 Report TES Ltd

Notes: -- = No response

we

?

-- --

No

--

?

No

Yes

mm

No

No

No

-- --

No No

mm

-- --

No

No

No

No

No

No

Yes

No

No

me

Yes

Yes

?

Yes

--

Yes

--

Yes

Yes

?

Yes

--

Yes

--

Yes

Yes

Yes

No

Yes

--

mm

- Yes

Yes

--

Yes

?= Doubts expressed by co~enter
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Analysis of Comments
Docket No. 89-20, Notice 1, 54 FR 40896

Issue 2: Energy Absorbing Capability of Seat

No. Group Name . Current Seatina Svs. Seat Back Upgrade
EA Capabi Ramping Stiffness 3300in-lb

-------------------------------------------------------------ww--
002 Manufac Navistar

003 Manufac Ford

004 Manufac Volvo

005 Manufac Chrysler

008 Manufac Thomas

009 Manufac GM

013 Manufac F i a t

014 Manufac Mercedes

015 Manufac VW

016 Manufac Toyota

007 Consult Horkey

011 Consult Saczalski

012 Consult Hoar

017 Consult Warner

022 Consult Shaw

006 Univ Gorski

019 Univ Macnabb

010 Asso AORC

018 Report TES Ltd

Notes: -- = No response
O.K. = Adequate

-a --

O.K. --

-- w-

O.K. ?

O.K. No

? Some

-- --

O.K. No

O.K. --

-- --

-- --

N.G. Yes

N.G. Yes

-- --

N.G. ?

-- em

N.G. Yes

MB --

N.G. Yes

? = Doubts expressed
N.G. = Inadequate

Low = Stiffness of current seat back is

-- No

O.K. No

-- No

O.K. No

O.K. No

? No

-- Yes

Low Yes

O.K. No

-- No

-- --

Low Yes

Low Yes

em No

Low Yes

-- --

Low Yes

-- WL

Low Yes

by commenter

l o w
High = Stiffness of current seat back is high

23



Analysis of Cu~ents
Docket No. 89-20, Notice 1, 54 FR 4U896

Issue 3: Compatibility  of Seat Back and Head Restraint

No, Group Name . Current Head Restraint Svm Seat Back
Prub~em Source Causes Inj Interaction w

1~w~ww~~~~ww~~~~~w1~~~~w~~w~ww~~~~~~~ww~w~w~~~w~~~~~~~~~~~w------
002 Manufac Navistar

003 Manufac Ford

004 Manufac Volvo

005 Manufac Chrysler

008 Manufac Thomas

009 Manufac GM

013 Manufac Fiat

014 Manufac Mercedes

015 Manufac ~

016 Manufac Toyota

007 Consult Horkey

011 Consult Saczalski

012 Consult Hoar

017 Consult Warner

022 Consult Shaw

006 Univ Gorski

019 Wniv Macnabb

010 Ass0 AURC

018 Report TES Ltd

Notes: -- = No response

-- --

No we No

mm

--

--

--

--

--

--

me

--

Yes

mm

--

?

--

Yes

w-

Yes

--

w-

we

w-

-- a-

em --

-- --

--

w-

--

w-

w-

mm

em

--

we

--

we

--

--

mm

w-

WV

?

--

--

Yes Yes

--

--

--

me

? ? Yes ,

--

-Design

mm

Design

-- --

Yes Yes

we --

Yes Yes

?=: Doubts expressed by cu~enter
Design = The source of current problem is in design

24



-.
..-:  .* :.

. .

I
., : ‘_ . . . -

I

Analysis of Comments
Docket No. 89-20, Notice 1, 54 FR 40896

Issue 4: Compatibility of Seat Back and Safety Belt Restraint

No. Group N a m e Rebound Effect Dual-Mode Seat Back
Rear Frontal EIiRs Interaction

-*-------------------------*--------------------------------*--*-
002 Manufac Navistar

003 Manufac Ford

004 Manufac Volvo

005 Manufac Chrysler

008 Manufac Thomas

009 Manufac GM

013 Manufac Fiat

014 Manufac Mercedes

015 Manufac VW

016 Manufac Toyota

007 Consult Horkey

011 Consult Saczalski

012 Consult Hoar

017 Consult Warner

022 Consult Shaw

006 Univ Gorski

019 Univ Macnabb

010 Asso AORC

018 Report TES Ltd

Notes: -- = No response

-- -- w-

Some MB

SW --

No

No

Some

Some

No

No

No

WV

No

Yes

--

Yes

?

Yes

--

Yes

--

Yes

--

--

--

--

--

--

--

--

--

--

--

Yes

--

--

No

Yes

Yes

Yes

No

No

Yes

Yes

No

Yes

--

--

--

--

--

No

--

WV

--

--

--

--

--

--

Yes

Yes

MB

Yes

--

Yes

Yes

Y e s

--

Yes

MB

Yes

? = Doubts eXDreSSed bv commenter-
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V* L~TE~T~E REVIEW ON SITING SYST~S

A, Seating System and occupant Prutect~un e

The modern vehicle seat is generally recognized as a fundamental
portion of the total occupant crash ~rutection system. However~
the design of belt restraint and head restraint systems have
largely progressed independently from the seating systems,
A~thuugh in recent years vehicle designers and vehicle safety
researchers have looked into the interaction of the three systems*
the emphasis and the results are nut reflected upon the ~ruduution
and occupant injury reduction.

A review of the literature on seating systems in relation to
occupant protect~un resulted in identifying numerous reports and
papers. Many of the techno~ugica~ and innovative designs have
been or are being considered fur incorporation into production
seats, F o r  example, the concept of an integrated seat and
restraint system was studied in the early 1900s and a patent was
awarded in 1903 on the design of an integrated seat with a lap
belt and two shoulder belts. Today, General Motors, Ford,
Chrysler~ and others are all conducting research on cars with
seats integrated with restraints. Mercedes-cent and ~~ both
offer integrated seats in their production vehicles.

Some of the earliest automotive safety research sponsored by the
Federal government was directed to improve seating systems* For
example, the Public Health Service sponsored a research program at
the University of California at Los Angeles by Severy, et al. The
research resulted in an SAE paper, entitled ~‘3ackrest and Head
Restraint Design for Rear-Collision  Protection,~~ SAE Paper AC680079
~Start~ng from 1955, Severy et al, published a series of papers on
seating system safety - see bibliography in the previously
referenced University of Virginia report ~Ducket No. 89-20-NO3~.
In the mid 196Os, the Federal Highway Administrat~un funded
research at the Cornell Aeronautical Laboratory and at the Highway
Safety Research institute in the University of Michigan, etc.
[These are summarized within the above cited report.)

8, Literature Review on Seating System Safety

Thruugh the years, numerous reports &nd papers have been published
on seating system safety. The NHTSA sponsored report ~~~Upgrade
Seating - Patents, Literature Search, and Accident Analys~s,~l
~ennerly Digges and John Morris, University of Virginia, September
1, 1992j has a detailed discussion and list of literature on
seating system safety. A paper submitted into the NHTSA docket
also contains a bibliography on seating system safety publications
~Docket No. 39-2U-NOl-022~  by L. M. Shaw).

Because of limitations in time and reso~roes, this literature
review on seating system safety only includes some mure recent
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_ . publications. The reviewed publications are summarized as
follows.

1. f'Response of Belted Dummy and Cadaver to Rear
Impact,“ Final,Report, DOT-HS-5-01201, July 1976 and
ffResponse of Belted Dummy and Cadaver to Rear Impact",
A. S. Hu, S. P. Bean, and R. M. Zimmerman, Final Report,
DOT HS-805-792, December 1980.

In the late 197Os, the agency sponsored research which examined
the reaction of dummies and cadavers seated in rigid and yielding
seatbacks during simulated rear impact crashes. This research is
reported in two documents as listed above.

Sled impact tests were conducted to simulate the motion of a
standard size car at rest impacted from the rear by a second car
of equal weight travelling at 32 mph. The test subjects were
anthropomorphic dummies and unembalmed cadavers. They were seated
in a bench seat and were belted and unbelted. In one test mode
the seatback was held rigid and in a second test mode the seatback
rotated rearward in response to the test subject's loading.

In general, the results indicate lower dummy injury criteria
values for the head and chest for the deformable seat back. The
head and chest severity indices for the rigid seat back subjects
were more severe than those for the deflecting seatback subjects.

The cadavers suffered neck injuries in all except one case -- the
one case was a rigid seat back. However, it appears that these
injuries are more associated with the placement of the headrest
rather than the stiffness of the seat back. The authors indicate
that results of the cadaver tests are inconclusive to reach
conclusions regarding the relative risk of injuries for deforming
vs. rigid seats.

In interpreting these results the characteristics of the rigid and
yielding seatbacks should be explained. The yielding seatback

,

utilized a standard bench seat apparently based on a typical Model
Year 1975 vehicle. This seat itself was modified to accommodate
the installation of the extensive instrumentation utilized in the
study. Test data indicated the seatback deflected backward to
approximately 40 degrees from the vertical during the sled
experiments. The rigid seatback configuration used extensive
bracing which resulted in no seatback deflection during the tests.
Also, the headrest was placed at the lowest position in most of
the test.

The results of this study support the concept of optimizing the
seatback energy absorption or deflection characteristic and
avoiding designing seatbacks that are too stiff. However, as
indicated above, the deflecting seat back utilized in these tests
did not show as high a deflection angle as those seen in higher
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severity crashes, Also, the study demonstrates the need to
properly consider the integration of the head restraint and seat
back geometry and energy absorption characteristics.

2. "The Mini~ars Research Safety Vehicle Program Phase
III, Volume. I ; Technical Final Reporti" V. IFI
Aushe~an~ A. V. ~adikar~ S. RI Syson, C. E. Struther,
and D, E. Struble, Final Report, DOT HS-&U6-2~3,
September 1981.

This is a report on the NHTSA funded Research Safety Vehicle ~RSV~
prugram~ The RSV program was to design, build, and test
prototypes vehicles that would exhibit advanced safety
performance. Minicars, Inc. Wats one contractor fur the RSV
program and Calspan, Inc. was another ~untra~tur.

In the Minicars RSV, “[t]he front seats are ~unstru~ted from
modified Dodge van seats (1971 to 1976 model year) and are
adjustable to acco~udate all u~~upant sizes between a 5th
percentile female and 95th percentile male, The seat frame backs
-carry a thin sheetmetal panel to resist intrusion by the knees of
back seat u~~upants in rear impacts. Each seat frame top is
narrowed and attached to a 0.06 inch ~1*5~~ thick clear Lexan
sheet. The Lexan sheet, in turn, is connected to the roof, which
substantially  improves the seat's structural strength in rear
impacts. The Lexan attachment to the seat frame incorporates mild
steel tape force limiters which provides 700 pound (320 kg) load
limiting. The foam seat cushions are also narrowed, then built up
with additional foam to form a more desirable contour. All four
seats, frontal and rear, are covered with standard automobile
vinyl.“

The modified Dodge van front seats use Volvo seat tracks fur fore
and aft adjustment. There are no belt restraints fur the frontal
seats. “Sled and crash tests have demonstrated that this seat nut
only is extraordinarily  crashworthy, but also correctly and
comfortably positions drivers ranging from 5th percentile females
to 95th percentile males.ff The test results include measurements
of duty responses (head and chest a~celerations~  knee contact
forces) and calculation of HIC and CSI.

3, IfA Preliminary Evaluation of'Seat Back Locks - Fur Two-
Dour Passenger Cars With Fulding Front Seatbacks~“ Charles J,
Kahane~ NHTSA Technical Report, DOT HS-~U7-U67‘  February
1987 l

This is an effectiveness evaluation report on part of FMVSS No,
207, ~Seating Systems*~f The evaluation is limited to only the
part of the standard that contains requirements concerning seat
back locks ~Sectiun ~4.3. Restraining device fur hinged or folding
seats or seat backs~, In particular, the evaluation determines if
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- . seat back locks are effective in reducing deaths or injuries and
measures the actual costs of the locks.

The evaluation is based on statistical analyses of three States,
FARS, Multidisciplinary Accident Investigation data, sled test
analyses, and a cost study of production lock assemblies.
The evaluation indicates that seat back locks hold seat backs in

.q,
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place in crashes when the back seat is unoccupied, but lucks or ;
other seat components often separate at moderate crash speeds when
there are unrestrained back seat occupants. The report also
presents data from a series of sled tests and accident data that
indicate that in frontal impacts there is a high percentage of
seat hardware and/or anchorage breakage.

The report concludes that there are no statistically significant
injury or fatality reductions found for seat back locks from the
studies. The locks add about $14 (1985) to the lifetime cost of
owning and operating a car. However, the report cautions that in
using statistical analyses it is easy to prove definitively that a
safety device is effective but difficult to prove that it is nut.
Hence the report is labeled as a ffpreliminaryff evaluation.

4. ffEvaluation of Seat Back Strength and Seat Belt
Effectiveness in Rear End Impacts,ff Charles E. Strother
and Michael B. James, Collision Safety Engineering,
Inc., SAE Paper #872214, Proceedings of the 31st Stapp
Car Crash Conference, New Orleans, LA, October g-11,
1987.

This paper is to determine whether or not there is any merit in
the concept of ffrigidizingff (stiffening) seat structures for rear
impact and, whether seat belts are of benefit in these collisions.
To achieve the objectives, the authors first review prior research
on rear impact, then evaluate data of laboratory tests of current
production seats, and finally examine current accident statistics.

For prior research on seat safety, the authors reviewed literature *
covered 25 years, beginning in the mid-1950s. They divide the
literature into three basic types: experimental, mathematical, and
other. They examine only the first two types and try to answer
three questions: (1) In comparing yielding seats to rigid seats,
is there any safety advantage to either design? (2) Is a rigid
seat practical?, .and (3) Are seat belts effective in rear impacts?

The authors conclude that occupants in rigidized seats experience
significantly higher injuries than yielding seats with ffcontrolled
yielding“ of the seat back. The rigid seats result in more
ramping and whiplash related occupant injuries with or without
head restraints and lap belted or unrestrained. In addition, an
occupant's response in rigid seats is very sensitive to impact
conditions (occupant's position at impact, etc.).
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From the review of the history of rigid seat development and test
data, the authors conclude that rigid seats are impractical due to

*- -'

excessive weight and cost, Rigid seats would lead to technical
and biumechan~cal  cumplicat~ons and could be effective only with a 1
belted occupant population and adequate head restraints.

The authors uonc~ude that seat belts are effective in rear
impacts* particularly  when delta-v exceeds 15 mph, In additiun~
restraints tend to minimize the motion of the upper body relative
to the seat back and help control rebound motion,

From cunduoting static tests on production seats, the authors
conclude that production seats are capable of producing
restraining forces significantly above the requirements of FMVSS
No. 207, From reviewing NHTSA uunducted NCAP rear impact tests,
the authurs.state  that pe~anent seat back deflection can be
expected of virtually all production seats at impact severities of
delta-v of 15 mph or greater.

From examining accident statistics fur rear impacts, the authors
indicate that occupant injury resulting from this impact mode is .
significantly less than that associated with frontal and side
impacts. Finally~ they state that from all indications the must
effective and practical means to reduce rear impact injury is the
use of available seat belt restraint systems.

This paper provides results of static seat tests on production
bucket seats conducted by Severy et al and the authors [Table 1).
In additions this paper provides results of rear impact tests on
production vehicles for examining dynamic characteristics of seats
~Appendices A, B, and C).
Severy et al,

Those crash tests were conducted by
NHTSA~ and others. Accident data collected from

FARS and NCSS are presented.

5. “Accidents involving Seat Back Failures," TES Limited~
Kanata~ Untario,
Canada,

Prepared fur the Ministry of Transport
Report No. C1322/2, December 1989. I

This is a contractor's report conducted by TES Limited fur the
Canadian government* This report was submitted to NHTSA Docket
No. B9-2U-NOl-OUST The study involves the examination of 23 real-
world case reviews in which passenger cars have experienced seat
back failures, Many of the cases involve very severe crash
severities and involve vehicles that experienced considerable
rotation and multiple crashes during the impact. However~ there
were a number of cases that were examined where the seat back was
damaged during normal  operation without any crash event.

This study indicates that seat backs fail mostly due to the
uccupant~s weight on the seat back in rear impacts and some are
due to the uccupant~s weight while the vehicle is stationary or
traveling at a constant speed. The two most common types of
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. . failure are from the seat back support system -- locks and hinges
and the deformation of the seat back frame.

The study specifically addressed the question of the effect of
seat back failure on passenger ejection.
cases examined,

Of the twenty-three
eleven of these resulted in one or more of the

passengers being ejected from the vehicle. Most of these cases
involved multiple impacts and rotation and appear to be of a high
severity. About half the occupants that were ejected were using
their restraint system. The report indicates: IfIt is, therefore,
apparent that if seat back failure occurs, the use of the
restraint system may not prevent the occupant from being ejected
from the vehicle“. The report indicates that in several of the
cases the ejection would probably have been avoided if the seat
back had remained in an upright position when loaded by the
occupant during the collision.

The report indicates that in three cases in which major injuries
were sustained, there were two occupants in the vehicle in which
one seat back failed but the other did not. In all three cases
'the occupant of the failed seat suffered major or fatal injuries, '
while the occupant of the other seat suffered only minor injuries
or no injuries at all.

Three cases involve rear seat passenger injuries due to the
collapse of front seats or head restraints. In one case, the left
rear passenger was fatally injured by the detached head restraint
of the driver's seat, another case involved the right rear
passenger who suffered minor injuries when the right front
passenger's seat back collapsed, and the third case involved the
right rear passenger who was fatally injured and was probably
impacted by the driver during his ejection from the driver's seat.

6. “Current Issues of Occupant Protection in Car Rear
Impacts, If Technical Memorandum, DTRS-57-87-C-00117 (Task #6),
prepared by Data Link, Inc., February 1990

This NHTSA funded report was prepared by Data Link, Inc., in
February 1990, as part of the agency's investigation into the
safety problem related to rear impacts.

This report utilized the agency's NASS 1979-1986 data files and
analyzed rear impacts in both an aggregate and clinical method.

As to seat back fffailureff  or ffcollapse,ff the study found that it
is quite frequent in rear impacts.

In examining the NASS data the report indicates the following:

"The harm proportion assigned to occupant contacts with the rear
compartment is higher in rear impacts than it is in all other
impacts. Although this is not unexpected, we observe that the
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proportion in ~uestiun is small and rather insignificant by
*_J .

comparison to other sources of injury shown in Table 13.“
.

Table 13 assigns 2.8% of harm to rear injury sources compared to
42.2% for noncontact and 16.1% fur frontal injury sources'.

In examining ejection, the report presents a table that shows that
injury from ejection in rear impacts account fur about 3% of the w
total harm. This compares to about 19% fur all other modes.
"It is evident in the results shown in this table that ejections
are not a particularly  significant prublem.in rear impacts, per se
or in uumparisun with ejections in other impacts-~‘

In specifically  examining selected cases -- high injury and/or
damage in rear impacts -- the report presents a series of tables
and concludes the following: "The dominant source of injury is
ffnoncuntactf~.~  and there are substantial proportions assigned to
seatbacks and head restraints, as expected.“ It continues: “In
the case of front seat occupants, irrespective of restraint
status, about 15% of the harm is assigned to contacts with frontal
interior surfaces and components. A part of this harm might be
associated with the ~rebuund effectf.lf

In regard to safety belt effectiveness in rear impacts, the report
concludes that the effectiveness is about 40% in the reduction of
harm.

7. “Occupant Protection in Rear-End Cullisions~ I. Safety
Priorities and Seat Belt Effectiveness,‘~ Michael E. James,
Charles E. Strother, Charles Y. Warner, Robin L. Decker, and
Thomas R. Perl, Collision Safety Engineering, Inc., SAE Paper
#9~29~3~ Proceedings of the 35th Stapp Car Crash Conferences
San Diegot CA, November 18-20, 1991.

This paper reports the results using four published accident data
reports which examined injuries associated with rear impacts, The
four reports are (I) a December 1987 report, @‘Fatalities  in Rear-
impacted Small Cars from 1982 through 1987,“ Susan C. Partyka, one '
of the four papers in the report, "Papers on Vehicle Size -- Cars
and Trucks~~‘ Page 125, DOT HS-807-294~ NHTSA Technical Report,
June 1988; (2) a 1989 Data Link report, "Car Crash Uutcomes in
Rear ~rnpacts~“ NHTSA supported research report, July 1989; (3)
another Data Link report, “Current Issues of Occupant Protection
in Car Rear Impacts, If NHTSA supported research report, 1990 Calso
has been reviewed separately in this sections; 14) a 1990

-

Peugeot~Renault supported report, "Risk of Cervical Lesions in
Real-World and Simulated Cullisiuns~~f Furet-~runu~  J. Y., et al,,
the 34th ~ Conference Proceedings, Scottsdale, Arizona, Page
373, Qctober 1990.

These accident data studies show that rear impacts do nut account
for a significant portion of automobile injuries~ current
production seat backs, provide a high level of protection in rear
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impacts; and the injury mechanisms which may be addressed by rigid
seats make up a minuscule proportion of rear impact injuries.

These accident.data also provide additional information on the
effectiveness of.seat belts in rear impacts. Reductions in
Societal Harm or injury Of 37% to 47% are indicated.

8. ffOccupant Protection in Rear-End Collisions: II. The Rule
of Seat Back Deformation in Injury Reduction,ff  Charles Y.
Warner, Charles E. Strother, Michael B. James, and Robin L.
Decker, Collision Safety Engineering, Inc., SAE Paper
X912914, Proceedings of the 35th Stapp Car Crash Conference,
San Diego, CA, November 18-20, 1991.

The authors indicate that this paper is partly in response to
NHTSA's Docket No. 89-20, in relation to FMVSS No. 207, "Seating
Systems. If They intend to arrive at an appropriate seat design
philosophy by comparing the appropriateness of a rigid seat design
and a controlled yielding seat design.

The approach is to review the legislative history of seating
systems standards, production seat characteristics, and rigid seat
back concerns in real-world rear impacts - ramping and rebound
effects.

The paper states that the rulemaking history of "seat design"
standards indicates that the concept of yielding, energy absorbing
seat backs has always been considered the appropriate design
approach for passenger cars. Research findings associated with
the rulemaking efforts confirm that rear impacts do not represent
a substantial contribution to occupant injuries, and that yielding
seat backs can provide occupant protection.

The paper reviews static test data of 61 production seats. Forty-
eight of them are from previous tests (SAE Paper #872214 which has
been reviewed in this section.) and 13 new tests. They state that ,
the static tests indicate that the,strength of production
passenger car seats has not substantially changed over the past
three decades.

The paper discusses three most important concerns related to rigid
seat backs - ramping, rebound, and out-of-position occupants. The
authors indicate that since frictional coefficients between
occupants and seat backs decrease dramatically with increasing
pressure on the seat backs, ramping will occur on rigid seat backs
at lower rotation angle from vertical. They indicate that rigid
seat backs have to be built on seats with adjustment features due
to practical considerations. During rear impacts, adjustable
rigid seats will store more elastic energy than non-adjustable
seats, therefore, will cause more rebound. Finally, they indicate
that "[i)mpacts with a yielding seat back structure by an out-of-
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~u~itiun u~~~~ant would be expected to be uf reduced severity
because of the energy absorbing properties of the yielding seat."

Based on the reviews, the authors conclude that rigid seat backs
have the ~utential to increase injury exposure in real-world
impacts due to the above discussed three major cun~erns~

(I) Rigid seats have the ~utential of expusing unrestrained
u~~u~ants to infants with the ruuf structure in severe rear
impacts. ~a~~i~g can be expected with seat back angles as low as
25 degrees from the vertical.

(2) fun-yielding  seats, particularly those with adjustable seat
backs, can increase occupant rebound because all of the seat
defle~tiun will represent elastic energy which will be returned to
u~~u~ants in. the form of rebound velucity. Injuries associated
with rebound include whiplash and contacts with fruntal vehi‘cle
~u~Funents.

(3) Rigid seats are ~utentially dangeruus to u~cu~ants nut in the
~~~ur~al Seated Pusitiun,~~ especially unrestrained u~~u~ants~ A
~ajurity of rear-imparted vehicles experience ore-impart changes
in ~u~entu~ which could cause u~~u~ants to be uut-uf-~usitiun at
impact,

9. ~~Influence of the Seat Belt and Head Rest Stiffness un the
Risk of Cervical Injuries in Rear I~~act~~l J. Y. Furet-~runu~
F. ~auvilliers, and C. Tarriere, Report No. 91-S&-~-19~ the
13th ESY ~unferen~e, Paris, France, ~uve~ber 4-7, 1991,

Rear impacts are statistically less frequent and severe than other
collision modes based on an analysis utilizing French accident
data files. Cervical injuries are the must frequent injury -- 27%
uf the cases. Cervical injuries are mostly minor (AIS 11, This
is the case in 99% of the cases, In 1% of the cases these
injuries are severe, including fractures of the cervical
vertebrae.

Recent studies by Renault indicate that head restraints are 30%
effective in reducing neck injuries. This effectiveness was
calculated at up to 60% fur newer vehicles,

Infu~atiun indicates that newer vehicles have a lower freguen~y
of seat back breakage, At above 25 Koch, 1971 to 1976 vehicles
have a breakage freguen~y uf 62%, whereas 1977 and newer models
have a breakage frequency of 55%. It is indicated that the head
rest has become mure effective because seats have become stiffer.
Thus, they cun~lude that the systematic installatiun of head rests
in all vehicles was a good initiative.

Their accident data indicate that the risk of cervical injury in
current seat types is highest without head rests vainly when the
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seat back does not break. For seats that had head rests the risk
of cervical injury appears similar for seats with and wiihout
breakage. This is true throughout the different vehicle age
categories.

A series of experimental sled tests  utilizing the Hybrid III dummy
were performed. Tests simulated a 15 km/h impact.

.,
Parameters

studied included variations in the effect of head rest and seat
back stiffness. The results indicate "that the head rest, no
matter what its position in relation to the head, and no matter
whether it held under the force exerted by the head, reduces the
must predictive criteria of cervical injury".

The report indicates that the most predictive criteria are shear
force and flexion torque. The tension force (pull on the neck)
and the extension torque are also given. .

For seat back stiffness differences, it was indicated that
utilizing the "experimentall' head rest, the most predictive
criteria were similar for both the stiff and normal seat backs.
The pull force (tension force) was reduced with the stiff seat
back.

10. "Upgrade Seating - Patents, Literature Search, and
Accident Analysis, It Kennerly Digges and John Morris,
University of Virginia, prepared for the National Highway
Traffic Safety Administration, September 1, 1992.

This report describes current research sponsored by the agency.
The report is included in NHTSA's Docket No. 89-20-N03.
reviews selected literature,

It also
including some of the earliest

studies performed on this subject by Severy and the Cornell
Aeronautics Laboratories.

VI. SUMMARY

The primary safety concerns being raised regarding seating system
I

performance relate to the possibility of increased risk of injury
when the seat back is damaged in rear impacts. The damage to
seating systems in real-world collisions has been characterized as
seat WfailurelR and the solution proposed by some of the
petitioners and other commenters on this subject relates to
increasing the strength of the seat back. The analyses presented
in this report indicates that improvements in seating system
performance is more complex than simply increasing the strength of
the seat back. Legitimate concerns exist over the potential
increase in certain types of injuries that might be associated
with strengthened seats.
evaluated,

As indicated in several of the reports
a proper l'balance@@ in stiffness and compatible

interaction with head and belt restraint systems must be obtained
to ensure optimal injury mitigation.
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To assist in sorting out the info~atiun on this complex issue,
specific seating system perfo~an~e issues were identified from
the literature review presented in this report, The first
category is cuncerned with seating system integrity. This refers .
to the structural integrity of the seat and its anchurage to the
vehicle structure. ‘The second category of issues refers to the
energy absurbing capability of the seat itself. The energy J
absurbing capability is characterized by the stiffness of the seat
back. It includes not only the manner in which the seat back
absorbs energy but also the fanner in which it releases energy.
It is the structural integrity and energy absurbing issues that
are the primary focus of the rulemaking petitions and,publi~
interest-

The third categury of issues relates to the ~umpatibility of the
seat back with respect to the head restraint, and the fourth
~ategury relates to the cumpatibility of the seating system and
the safety belt restraint system* These two issues may relate to
FOSS No. 202 on the head restraint and FOSS Nos. 208 and 209 on
the safety belt restraint system,

Also, it should be stressed that while the current concern has
been focused on rear impacts, the seating system must fun~tiun
properly in all crash modes. Thus, the four perfurman~e issues
discussed must be evaluated not only fur rear impacts but, also,
frontal, side, and rollover crashes-

The agen~y~s National Accident Sampling System ~NASS~ was utilized
to examine the perfurmance of seating systems in real-world
~ollisiuns* Analyses were cundu~ted to identify any differences
in injury risk between uccupants of damaged and undamaged seats.
Since both the likelihood of seat damage and injury increase with
crash severity, the only way to examine a possible causal
relatiunsh~p between seat damage and injury is to control for
crash severity. In interpreting the results of these analyses, it
shuuld be ~a~tiuned that some of the results may nut be
statistically significant since the sample size is fairly small 8
especially after ~untrulling for ctash severity. The analyses
were conducted separately fur each crash mode. For rear impacts,
the results were mixed, For luw crash severity crashes, u~~u~ants
of damaged seats had higher injury zates than uc~upants of
~nda~aged seats. Huwever~ fur the higher crash severities, the
u~cupants of damaged seats had lower injury rates. In frontal
crashes, the results were mure cunsistent. In all ranges of crash
severity the u~c~pants of damaged seats had higher injury rates.

The real-world cu~~is~un data utilizing NASS also dues nut
indicate a greater likelihood of ejection with uf without seat
damage  l ~owever~ from info~atiun and reports presented in the
docket, based on analyses of selected individual cullisiuns with
seat damages there are indiuat~uns of ejection associated with
seat damage in rear impacts. The data do nut indicate that
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occupant "ramping" up a damaged seat is a major concern vis-a-vis
exposure to rear components.
concept of @'reboundtV

There are data to support the

impacts.
into the frontal components after rear

. However, the evidence of this phenomenon does not
suggest a signif,icant safety problem and is based primarily on
minor injuries received from contacting frontal components. But
it does indicate that any stiffening of the seat back must
consider this phenomenon.

The real-world collision data do not support any concern related
to the operation of safety belt systems. Further, it should be
cautioned that many of these frontal contacts are not due to
rebound off the seat, but could be attributable to secondary
frontal impacts or contact with frontal components as the occupant
is rotating back in response to rear impact forces. These
analyses also reinforce the need to evaluate head restraint'
performance along with any changes in seat back stiffness.

The laboratory data evaluated in this report demonstrate that a
proper balance in stiffness must be achieved to obtain optimal
safety results. Again, the laboratory data are inconclusive in .
indicating any evidence that seating systems are not performing
appropriately. Most of the laboratory efforts have utilized
dummies which were not developed to simulate rear impact
kinematics. The research does support the need to address both
the head restraint and seat back performance together.

The agency's compliance and New Car Assessment Program rear and
frontal crash tests are analyzed as to seating system performance.
The tests indicate frequent seat damage in rear impacts due to
dummy loading. The production vehicle seats all rotated backward
permanently and most of them touched the rear seat backs when
subjected to 35 mph rigid barrier rear impacts. The results of
this review did not indicate a problem with ramping, but did
indicate potential rebound problems. No problems were noted with
the operation of the safety belt in the rear impact tests.
in frontal impacts was rare and involved seat hardware or

Damage ,

anchorage breakage. The frontal NCAP tests indicate that the loss
of seat integrity exacerbates the dummies' injuries.

A review of the agency's consumer complaint and recall files
indicated several cases of seat back collapse under normal driving
conditions without any crash event. Some of the seat defects are
not crash related, but they may cause the driver to lose control
of the vehicle while the vehicle is in operation.

In reviewing the responses to the agency's public request for
information on this subject area, the responses were mixed.
Debate continues as to whether today's production seats provide
appropriate performance characteristics to minimize injuries. In
general,
system is

the vehicle manufacturers indicate that the seating
performing adequately and that the standard dues not
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need to be up~raded~ They indicate that a safety need has not
been demonstrated‘ and that stiffening seat backs may create
additional prublems. Several accident investigators and
researchers have presented case study info~atiun on cases
invulving uc~upa.nt injuries in vehicles with damaged seats. Must
uf the arguments utilize the same available -accident files, tests,
and reports to arrive at different ~un~~usiuns.  The agency cannot
clearly ~un~~ude the issue based un the ~u~ents.

From the literature review, the difference in jud~ent on the
perfurman~e of seating systems cuntinues the debate, There is the
view that seat backs should be designed to have a llcuntru~~ed
yie~dingll fur energy absurptiun. Huwever~ the literature dues not
have practical designs fur "~untru~led yie~ding~l seat backs.
There is another view that seat backs should be designed rigid
enuugh tu resist rotating backward and to prevent ramping. l Buth
design ideas are with merit with appropriate limitatiuns and is
why many researchers indicate designs must strive fur a proper
ttba~an~ett  of these characteristics. The characteristics refer to
a ~unsideratiun of the four issues discussed in the previous
paragraphs on structural integrity, energy absorption, head
restraint ~umpatibi~ity~ and safety belt restraint cumpatib~~ity~
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Seat Damage and Occupant Injury in Passenger Car Towaway  Crashes

Susan C. Partyka
Office of  Vehicle Safety Standards,‘Rulemaking
National Highway Traffic Safety Administration

June 8, 1992

Summary

This report describes an exploratory data analysis.of seat damage and
occupant injury performed to provide insight into injury mechanisms, to’
suggest questions for further research, and to help establish the safety
priority of  these questions. Occupant involvements and injuries were
estimated from a statistical survey of towaway  crashes, and these estimates
are subject to sampling and nonsampling error. Estimates of sampling
variability are beyond the scope of  the present effort,  and no claims of
statistical significance are,,implied  by the comparisons made here. .

Ten percent of  occupied front-outboard seats (the driver and right-front
seats) in passenger cars involved in towaway  crashes from 1988 to 1990 were
permanently deformed (by occupant impact or intrusion) or their hardware was
damaged in the crash (the seat adjusters,  folding locks,  tracks, or anchors
were broken), for an average of 321,000 occupied seats damaged a year. Seat
deformation was more common than broken seat hardware, and in one year:

135,000 (42 percent) seats were deformed by vehicle intrusion,
113,000 (35 percent) seats were deformed by occupant loading, and
74,000 (23 percent) seats had broken hardware.

Data from 1978 and 1979 suggest that at that time more deformed front
seats were loaded by rear-seat occupants than by occupants of the front seat
itself ,  even though most towaway  crashes did not involve rear-seat occupants.
The 1988 to 1990 data do not describe which occupant loaded a deformed seat,
but some confirmation of  the earlier result is found in the association
between front-seat damage and rear-seat occupancy. An occupied front seat in
a towaway  crash was more like,ly to be damaged if there was a rear-seat
occupant immediately behind it. The proportion of seats damaged was:

10 percent when there was no occupant seated behind,
18 percent when there was one occupant seated behind, and
29 percent when there were two or more occupants seated behind.

Seat damage-was more-common  in rear impacts than in other towaway
crashes. In side impacts, seats on the impacted side (near-side crashes) were
damaged more.frequently than seats away from the impact (fcr-side  crashes).
In recent (1988 to 1990) towaway  crashes,

38 percent of seats in rear impacts were damaged,
19 percent of seats in near-side impacts were damaged,
9 percent of seats in rollover crashes were damaged,
7 percent of seats in far-side impacts were damaged, and
5 percent of seats in frontal impacts were damaged.

- 1 .



The type of seat damage differed by impact type. ~efo~ation  from
occupant loading caused 42 percent of the seat damage in frontal impacts and
71 percent in rear impacts, ~efo~ation  from vehicle intrusion caused most
seat damage in side impacts: ~O.percent in near-side impacts and 71 percent in
far-side impacts, -The most colon seat damage in rollover crashes was broken
folding locks (40 percent of the damaged seats>.

The frequency of seat damage did not vaiy greatly by seat type (that is,
for bucket and bench styles, with or without a folding back) or vehicle curb
weight,  but there were differences by vehicle age.  A larger fraction of  seats
in the older cars involved in towaway  crashes from 1988  to 1990 were damaged,
and the pattern was clearest in front and rear impacts. These patterns may
ref lec t  vehic le  des ign  changes ,  vehic le  ag ing  e f fec ts ,  or  d i f ferences  in
vehicle use concluding  differences in crash speed) between.newer  and older
cars . I

In rear impacts, heavier occupants were more likely to have their seats
damaged; the pattern was less clear in frontal impacts. Belts were used more
often in undamaged than in damaged seats, possibly  because belt users tended
t o  be  involved in  bower-steed  crashes . It is not clear from these data
whether belt use reduced occupant-induced seat defo~ation  and hardware damage
in some crashes by restricting occupant movement, but less-frequent belt use I
in damaged seats is consiste*~t  with this possibility. hong unbelted
occupants ,1 ejection was more likely in damaged than in undamaged seats in
ro l lover , -  f ronta l ,  near -s ide ,  and  far -s ide  i~~aets~ again ,  th is  d i f ference
may reflect the more-severe crash forces associated with seat damage. In rear
impacts I the estimated ejection risk was lower in damaged than in ~damaged
seats) but these estimates are based on a small number of cases.

Injury risk was greater in damaged seats, largely because seat damage
tends to occur in higher-severity crashes. Less-frequent belt use and more-
frequent ejection in damaged seats also contributed  to higher injury risk. It
is diff icult to estimate the incremental effect of  seat damage on occupant
injury because crash severity increased the risk of both damage and injury.
This may be particularly  true in side impacts, where most seat damage was
caused by intrusion. occupants in the rear seat also tended to be injured
more often ~especial~y  from contact with the front seatback~  when the seat
directly in front of  them was damaged in the crash. Again, this association
may reflect severe crash forces that led to both front-seat damage and injury
to the rear-seat occupant, For example, some rear-seat occupants  may have
been forced against the front seatback by crash forces,  causing both seat
damage and injury from seatback  contact.

In jury  r isk  comparisons  are  more  meaningful  a f ter  accosting for
differences in crash severity. In frontal crashes, occupants  of damaged seats
were more likely to be injured than were occupants in ~d~aged  seats for each
10 mice-per-hour ~rn~h~  range  o f  de l ta  V. I t  i s  not  c lear  f rom these  data
whether stronger seats would have prevented injury, because crashes in which
seats were damaged may dkffer in important  ways from other crashes with
similar delta Vs. differences  in the likelihood of injury between damaged and
undamaged seats xere greatest for the less-severe frontal crashes, and any
effect of &at damage on injury may also depend on crash s&erity.

Injury comparisons  for other impact types were l imited by the small
n~ber of cases in each 10 mph range (this was the case for rear impacts~~  the
lack of a good crash severity measure (for rollover crashes),  and the
likelihood  that seat damage acted (at least in part)  as a surrogate for the
extent of passenger compartment intrusion and the likelihood of direct injury
from this  intrus ion  ( for  s ide  impacts~*
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Data

The 1988 to 1990 National Accident Sampling System (NASS) describes
vehicle damage (including permanent seat deformation and other seat damage)
and occupant injury in light vehicles that were towed from the scene because

‘..?

of damage received in the crash. The NASS sites were randomly selected from : ..’

the nation and cases are selected randomly in-each site, so the weighted NASS
data are national estimates of  light vehicle towaway  crashes. The 1988 and
1989 NASS data were weighted using the simple inflation factors; the 1990
data were weighted using the ratio-adjusted inflation factors.  The resulting
estimates include both sampling and nonsampling errors, as do all surveys.

The NASS weighting factors are, in general, noninteger; the weighted
counts were rounded to integers for this report, causing some apparent small
incons is tenc ies  in  the  tota ls . Some NASS cases were selected for special
study rather than for statistical estimation; they are included in the case
count, but have a weighting factor of zero. Estimates based on a small number
of cases (as indicated in the tables presented here) can only suggest national
t o t a l s . Some data are diff icult  to obtain and are frequently missing: NASS
estimates that require detailed information are low unless the estimates are
adjusted for missing data. ,The NASS totals presented in the tables in this .
report have not been adjusted for missing data, but the percentages provided
have been Falculated  from the known data.

The scope of  this report is  occupants of  towed passenger cars,  defined
as NASS Body Types 1 to 9. Vehicle impacts were described as rollover or
nonrollover; nonrollovers were described further by the primary damage area.
Rollover crashes are those in which the car rolled over at least one quarter
turn, regardless of  the timing or severity of  the rollover event. Rollovers
can be identified from a variety of  sources ( including a vehicle inspection,
po l i ce  report ,  or  interv iew) , but the damage area can be determined only from
a NASS vehicle inspection. The damage area was defined from the primary (most
severe) General Area of Damage (GAD) in the groups: front, near-side (drivers
in left-side impacts and right-front passengers in right-side impacts),  far-
side (drivers in right-side impacts and right-front passengers in left-side
impacts) , rear, and other (top and undercarriage, combined). The damage area
was unknown for some inspected vehicles, including those repaired before
inspection and some with complex, multiple-impact events.

The damage extent zone describes vehicle crush on a scale of one to
nine . This measure was known for all  identified frontal,  near-side,  far-side,
and rear nonrollover impacts,because  GAD and extent zone are coded together as
part of  the Collision Deformation Classif ication (CDC).  The extent zone for
the most severe damage to a rollover vehicle was known only if the CDC was
completed. The primary extent zone for rollover vehicles need not reflect the
ro l lover  event  i t se l f ,  but  might  re f lec t  an  ear l ier  or  later  nonro l lover
impact. Extensive vehicle <amage  was defined for this report as damage to
extent zone three or beywd. Crash severity is measured by delta II, which is
an estimate of the change in velocity during impact.

Injury severity ras defined in terms of  the maximuii  Abbreviated Injury
Scale (AIS),value  for each occupant,  categorized as:  no inj‘rry,  minor injury
(AIS 1  survivor ) , moderate injury (AIS 2 survivor),  and serious injury (AIS 3
t o  6 ,  o r  f a t a l i t y ) . Occupants for whom it was unknown whether they were
injured were considered uninjured; surviving occupants who were injured with
unknown  severity were  ccnsidered to have suffered minor injury. The mcderate
and serious injury rates were defined as the fraction of  involved occupants
with  at  least  moderate  or  ser ious  in jury  ( inc luding  fata l i ty ) ,  respect ive ly .
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~nd~v~dua~  moderate and more severe injuries were described using the
Occupant Injury Classification  COCCI  body regions and the associated injury
contact source. Body regions were categorized into five groups using the OIC-

~
*

PIG Bodv R=am
bead-neck fI, F, N
Torso 3, c, M, P, s
Am A, E, R, W, X
Leg K, L, P, T, Y
unsown 0, u

Injury contacts were grouped by whether the contact was forward or
behind a notably-seated  front-seat occupants in order to -identify  injuries
that might not have occurred in an undamaged seat. Front componenta  include
(but are not  l imited  to )  the  windshield, ~nstr~ent  panel ,  and  f ront  f l oor
area; rear componenta  include the rear header, backlight  area, and pillars
rearward of  the B-pillar. The distinction  between front and rear components
could not be made for many identified  components ~such as the 3-pillar,  side
rails i and roof) because the injury contact codes do not specify in enough
detail  their iocation  in relation to the pre-crash occupant seating position- .-1

urv Source Area
*

NASS  Inlurv Contact
- Front component l-16,  2~-22, 25, 30-32,

35, so, 56-59
Rear component 2 4 ,  3 4 ,  51, 60-62
Seatback 40, 44
insufficient  d e t a i l All  other coded
unknown  contact 97

The PIASS definitions  for all  data elements used in this report are
described in detail  in the investigators ’ reference manuals ~~at~ona~  Accident
Sampling  System ~988  Cra~~~orrh~ness Data System Data ~~~~ecti~~~ Coding and
Edit ing  manual ~Nat~ona~  Center  for  Stat is t i cs  and  Analys is  ~NCSA~~  National
highway  T r a f f i c  S a f e t y  Administration  ~~TSA~~ DOT-~S-8~7-~9~~ January 1988;
and the corresponding  versions for later years),

The only other statistical source of detailed seat damage info~ation  is
the National Crash Severity Study ~NCSS~ .data collected from April 1978 to
March 1979. The NCSS data describe the location, direction, and cause of alf
seat intrusions (for occurred  and unoccupied  seats), as well as vehicle damage
and occupant injury. The NCSS data are described in ECUS -- The ~a~yat~s
Companions  A Description  of the rational  Crash 5everity  Study Statistical  Data
File <S. Partyka~  NCSA~ ~TSA~ DOT-HS-8~~-871~  May 1981). The NCSS cases were
selected by probability methods at eight team sites by seven teams, but the
sites were a jud~ent samp~~.from  areas with experienced investigators- The
NCSS data may not represent the national experience, but they are generally
accepted as useful descriptions of the relationship between vehicle damage and
occupant injury.

Crude~,~order-of-magnitudes  national  estimates were ma’de from the
weighted  NCSS data in order to put the results in some perspective. The
scaling factor used was the ratio of  car occupant fatalities in the Fatal
Accident Reporting System OFFS;  Body Types 1 to 4, and  6  to  9) to  the  n~ber
investigated  by NCSS during these twelve months ~NCSS Body Types 1 to 3). The
early FARS data are described in the Fatal  Accident  Retorting  System User’s
G u i d e  ~~&SA,  ~~TSA~ unpub~~shed  docent,  A u g u s t  19811.
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Frequency of Seat Damage

The three years of NASS described here include.25,310  front-outboard car
occupants, of whom 19,719 were in cars that were at least partially inspected
(Table 1). No adjustments for missing inspection, vehicle damage, or occupant
injury data have been made in the tables, and the simple weighted data (shown
in all tables) tend to underestimate the number of national occurrences unless
such adjustments are made. For example, the weighted data on seat performance
might be adjusted by a factor of  1.32 to account for uninspected vehicles,
under an assumption that vehicle inspections are missing at random. The rest
of  this report describes the data obtained from inspected vehicles.

Table 1: Vehicle Inspections for Front-Outboard Occupants
(1988-1990  NhSS Towed Cars)

Seat,performance was unknown for three percent of the occupants of
inspected vehicles. An estimated ten percent of these occupants had broken
seats or seats with other crash-induced residual deformation (Table 2), and
these outcomes are referred to collectively as sear damage in this report;
seat bending that does not result in permanent deformation or other damage is
not identified by NASS. Seat damage includes broken seat components (seat
adjusters, seat back folding locks, tracks, and anchors),  occupant impact
deformation, and deformation caused by vehicle intrusion into the passenger
compartment. The remainder of this report is based on seated occupants
(excluding the thirteen investigated occupants without a seat at their
locat ion) .

Table 2: Seat Performance for Front-Outboard Occupants
(1988-1990  NMS Inspected Towed Cars)

No damage 15,694
Damaged 3,S98

f%F- iA+,

The annual number of front-outboard occupants in seats damaged in
towavay crashes (adjusted for missing vehicle inspections and unknown seat
damage) can be estimated from the proportion implied by Table 2,

: 705.401 se

4,747 + 6,247,064  + 705,401’

applied to the 9,549,285  front-outboard occupants involved in the three years
included here (Table 1)  - - which suggests about 321,000 damaged seats a year.
Damage to unoccupied seats is not reported on the computer file, but the
information was collected during the vehicle inspection and is available on
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the completed  NASS data forms. Seat damage type was also handwritten on the
1988 and 1989 NASS forms, but not automated; seat damage type for these years
can be dete~ined only by reviewing the forms. The~specific  type  o f  seat
damage was automated beginning in 1990, and these data are described later in
t h i s  r e p o r t . Accejs  to the NASS data forms and ~hotogra~h~c  slides of the
damaged vehicles is maintained by NCSA for those who need additional  detail.

Half the front-outboard occupants were i-n bucket seats with a folding
back (Table 3). The main types of seats identified were:

19 percent in bucket seats without a folding back,
50 percent in bucket seats with a folding back,
21 percent in bench seats without a folding back,

9 percent in bench seats with a folding back, and . .
1 percent in other types of  seats including  pedestal seats) .

The overall  risk of  seat damage in towaway  crashes did not differ greatly by
seat type. Seats were damaged for:

9 percent of occupants in bucket seats without a folding back,
10 percent of occupants in bucket seats with a folding back,
II  percent of  oc*~upants  in bench seats without a fording back,

1 10 percent of occupants in bench seats with a folding back, and
9 percent of  occupants in other types of  seats.

All types of seats were about as likely to be damaged, so the data are not
separated by seat type for most of  this report.

Table 3: Seat Type and Seat Perfo~ance
~19gg-~99~  NASS  Front-~tboard  Seats of Ios~e~ted To-cd Cars1

i&at Tvac
gu&ket*  not  foid~ng
Bucket, not folding
~~
Bucket, not f~

Bucket t folding

Bucket L

,’ Other type
Other type

Seat Actual

~
s649

G!I

No danage

Total

No damage
Damaged

~

No damage

7,624
1,784

diiiI

3,541
820

a1

1,404
327

No damage
aged

~

Total 19,706

35,291
3,514 -9x

dL
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The frequency of seat damage differed greatly by crash type (Table 4).
Occupied seats in towaway crashes were damaged in:

9 percent of  rollovers,
5 percent of  nonrollover frontal impacts,

19 percent of nonrollover near-sid.t impacts,
7 percent of  nonrollover far-side impacts,

38 percent of nonrollover rear impacts, and
1 percent of other nonrollover crashes (those involving top and

undercarriage damage).

More than a third of seats occupied in cars towed from a rear impact were
damaged - - a substantially higher risk than f o r  any other impact type. These
data also indicate that a third (32 percent) of  damaged seats with known
impact type were involved in rear impacts, a quarter (27 percent) were in
near-side impacts, and a quarter (26 percent) were in frontal impacts. Far-
side impacts (nine percent),  rollovers (six percent),  and other impacts (0.1
percent) accounted for smaller numbers of damaged seats. The rest of  this
report is based on vehicles with one of the five primary known impact types
(ro l lover ,  f ront ,  near-side,. far-side,  and rear ) . - :

Table 4: Impact Type and Seat Performance
(1988-1990  NASS  Front-Outboard Seats of Inspected Toved Cars)

Impact

%zT
Rollover
Rollover
Rollover

Front
Front

If%

Near-side
Near-side

Near-side

F a r - s i d e
Far-sjde

k%

Rear
Rear

Other
Other I'

ii0 damage

i+k

Damaged

!%F

d' Unknovn
Unknovn

No damage
Damaged

?klOL-Fl
Total

fG%! Total 19,iC6 7,132,203

Seat

No damage
Danaged
PPbOW
T&al

No damage
Dansged

No damage
Damaged

!%F--

No damage

gigi-

No damage
Damaged

RF-

Actual

*
‘344

7%,I

8,461
!,251

t&i

2,066
338

d,

739
610

i+

00

d

1.286
134

*

Weighted

+%i
42:915

3,135,410
174,728
71. u

3,3&l

032,043
63,538

TEE,

52,704
348

4%I

604,511
21,812

Percent

9%

5%

19%

7%

38%

1%

s.

3%
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I

Vehicle size was defined from curb weight, as min~~ompa~t-subcompact  (up
t o  2~449  po~ds~ I compact ~2,4~0 to 2,949 po~ds~~  inte~ediate  ~2~950 to
3 ~449 ponds}  s and fu~~si~e-largest  (over 3,449 pounds~.  Vehicle age was
defined as calendar year minus model year. The risk of seat damage did not
seem to differ greatly by vehicle curb weight within ~at~gor~gs  of  towaway
impact type (Table 5); for example, there was .x-m  clear pattern of greater :

risk of  seat damage for l ighter cars. Seat d&age did appear more fr~~~a~t in
older vehicles, especially in front and rear impacts (Table  61.

.
ent  o f  Seats  aged rn Crash

.c l e  Age m Yu
~ ~Under 2 years old

Two to three years 4; 36; . .
Four to six years 5% 33% .
Seven to ten years 6% 43%
Eleven years and more 8% 55%

These data represent only three calendar years of  crash experience,  faking it
diff icult  to separate the effects of  vehicle age from the effects of  design
changes over the model years represented by these data. I t  i s  a l s o  p o s s i b l e (
that the older cars in~luded*‘her~ crashed at higher  speeds,  and that the
differences in seat damage reflect differences in vehicle use.

The likelihood  of seat damage appeared greater for heavier people when _
they were unbelted occupants in rear impacts~  belted occupants in rear
impacts, and unbelted  occupants in frontal impacts (Table 7, based on
occupants whose seat perfo~an~e -- whether the seat was damaged -- was
gowns. Belted o~~uP~nt~  include those using any safety belt or child safety
seat, but do not include those protected by an airbag  alone. The estimates
are s~arized  below,

Perrent of  Seats aged in Crash
weight  i n unbelted  A upa ts

Frontaln  Li
belted  O~~u~~~

nds
~~Up to 125 6% 24% 3% 1

126- 175 9% 52% 5% 35i
Over 175 9% 48% 3% 45%

hong unbelted occupants in rear impacts, the gst~mated risk of seat damage
was twice as high for those who weighed more than 125 pounds as it was for
lighter o~~upants~ The estimated risk of seat damage was half again as high
among the h~av~gst occupants (those over 175 pounds~  as among the lightest
occupants  (those up to 125 ponds}  for those who were belted in rear impacts
and those who were unbelted in frontal impacts, The estimated likelihood  of
seat damage for belted ~c~~~~nts  in frontal impacts did not vary with occupant
weight in the same way, and both the lightest and the heaviest occupants  had
about the same proportion of damaged seats (about three percent, compared to
f ive  percent  for  the  muddle ve ight  groups.

A des~~~pt~on of  the seat damage is available on ~ha~A~~ computer f i le
beginning  in 1990. The 1990 data ~presented  later in this report)  indgcate
that the type of seat damage varied with impact type. Most seat damage in
rear impacts was caused by occupant  loading of the seat, which would make
occupant weight and belt use important factors in this crash type. Eok-ever  I
the automated KASS data do not indicate whether the seat was loaded from the
front (by the occupant  of  that seat)  or from the rear (by another occupants.
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Table 5: Inpact Type, Vehicle Size, and Seat Performance
(1988-1990  N&S Frcnt-Outboard  Seats of Inspected Toved Cars)

Impact Vehicle Size Seat Actual . Weighted Percent
Jvde
Roilover

Weinhtl
!/??Subcompact -!tP%-

Rollover Mini/Subcompact Danaged 147 23;225 9%

Rollover
Rollover

Rollover
Rollover

Rollover
Rollover

Rollover
Rollover

Front
Front

Front
Front

Front
Front

Front
Front

Compact No damage 334 93,055
CoPlpac t Damaged 97 0,545 0x

Intermediate
Intermediate

No damage
Damaged 2at

yg;
8 9%

Fullsize/Largest No damage 107 29,034
Pullsizefir-jest Damaged 36 2,862 9x

Unknovn No damage
i

196 -
0

.
Unknovn Damage

Mini/Subcompact No damage 2,907 1,14s,501
Mini/Subcompact Damaged 412 52,839 4 %

Compact No damage 2,198
Conpact Damaged 325

7,“;s ;;;
I 6%

Intermediate No damage 1,762 673,517
Intermediate Damaged 242 30,809 4%

Fullsizen’drges: No danage 1,499
Fullsire/Largest Damaged 221 s;y;;  8 7%

.
Front Unknown
Front LhkllOVll

No damage
Paage

15 2,221
1 138

Near -side No damage 268,481
Near-side

llihi/Subccmpact
Kni/Subcompac t Dmaged % 63,089 19%

Near-side Coapac  t No damage 441 234,207
Near-side Coqact Bamaged 259 59,116 20%

Near -side Intermediate No damage 330 162,999
Near-side Intemediate Damaged 194 35,667 iax

Near-side FullsiteAargest No damage 313
Near-side Fullsite/Largest Damaged 153

1;6’,;;0”
I 15%

Near-side Unknovh 1
Near-side Unknown 1

Far-side
Far-side

Far-side
Par-side

Far-side
Far-side

Far-side
Far -side

Far-side
Far-side

Mini/Subcompact No damage 720 259,980
klini/Subcompac  t Damaged 108 17,794 6%

Cmpact No dasage 546 234,530
Compact Damaged 101 12,537 5%

Intemediate No damage 431 199,608
Intermediate Damaged 71 13,141 6%

Fullsire/La:gest No dclrage 367
Fullsite/Largcst Damaged 57

1;9’,;;;
, 13%

Unknovn No damage 2 173
Unknovn Damage 1 150

Rear
Rear

Rear
,f.err

Rear
Rear

Rear
Rear

PliniHuFcmpact No damage
PlinXubccrpact Damaged :;i

1;;,;;;
s 37%

Cmpac t 9s Caixge 186 102,429
Cmpact Damaged 163 60,451. 37%

Intenediate No damage 139
Intermediate Zczcged 122 ;;I;;; 9 40%

Fullcize/Larges: So dryro,e 123 jj, jj7
Fulisize/Largest Damaged 96 32,144 37%

Re2r
Rear



Table 6: Impact Type, Vehicle Age, and Seat Perforce
(19~~-1~~0  N&S Front-~tboard  Seats of ~n5~~ted Toved  Cars)

Seat Actual #eighted Percent

~~
Rollover Under 2 Damaged 63 7:g93 10%

Rollover 2 to 3
Rollover 2 to 3

Rollover 4 to 6
Rollover 4 to 6

Rollover 7 to 10
Rollover 7 to 10

Rollover
Rollover

11 plus
11 plus

ito damage
Damaged

No damage
Damaged

No damage
D~ged

No damage
D~ged

Front Under 2 No damage 1,548 479,2g9
Front Under 2 D~aged 170 14,235 3%

Front 2 to 3 No dimpage 1,708 ~77~g37
Front 2 to 3 D~aged 175 21,910 4%

Front 4 to 6 No damage 1,789
Front 4 to 6 Damaged 249

6~~,~~~
I 5%

Front 7 to lb’ No damage 1,823 ~09,22~
Front 7 to 10 Damaged 343 5~,449 6%

I
Front 11 plus No damage 1,393 ~73,600
Front 11 plus Drayed 264 49.491 3%

Near-side Under 2 No damage 291 ~26,600
Near-side Under 2 D~aged I74 24,913 16%

Near-side 2 to 3 No damage 366 188,957
Near-side 2 to 3 D~aged 190 25,218 12%

Near-side 4 to 6 No damage 423 203,421
Wear-side 4 to 6 Damaged 228 44,853 18%

Near-side 7 ta 10 No damage 330 ~~7~~04
Near-side 7 to 10 D~aged 229 36,293 19%

Near-side I1 plus No damage 280 133,956
Near-side 11 plus Damaged 143 33,705 29%

Far-side Undtr 2 No damage 349 125,824
Far-side Under 2 Damaged 50 6,352 3%

Far-side 2 to 3 No damage . 422 184,366
Far-side 2 to 3 D~aged 77 10~696 3%

Far-side 4 t o  6 ' No damage SO8 192,563
Far-side 4 to 6 aged 71 lD~#l3 5%

Far-side 7 to 10 No damage 423 ~79~~47
Far-side 7 to 10 Damaged 81 13,256 7%

Far-ride 11 plus No dasagc 362
Far-side 11 pluy aged 39

1~~~~~
I 13%

Rear tMbc‘i 2Rear
No damage

167Under 2 D~ged 53 ~~g~~~a 29%

Rear 2 to 3 No darage 14% 56,193
a' Rear 2 to 3 Damaged 116 31,464 "'36%

kxr
4 to 6 No damage

::i
130~408

4 to 6 Gasaged 63~498 33%

Rc2r
Rear

7 to 10 2:s Crzage 134 66,512
7 t o 10 Damaged 125 49,427 43%

Rear
Rear

11 plus
I1 plus

W3 dazzage
D~aged

36,833
1:: 44,833 55%



Table 7: Occupant Weight and Seat Performance in Frontal and Rear Impacts
(1988-1990  WhSS  Front-Outboard Seats of Inspected Toved  Cars)

Impact

SF%-
Frokt

Belt

e-
No

No
No

No
No

No
No

Weight in

:::

126-175
126-175

Pv:: :::

Unknovn

Seat Actual

iit%zy -Ye
Damage 99

Front
Front

No damage i,468 418,932
Damage 306 42,429

No damage 716 224,093
Damage 169 21,653

Front
Front

No damage
Damge

Front
Fro>t

Total No damage 3,762 1,143,946
Total Damage 781 103,354

Front Yes up to 125 No damage
Front Yes Up to 125 Damage

Front Yes
Front Yes

Front
Front

t
Front
Front

126-175
126-173

Over ‘i75
Over 175

No damage 1,894 701,748
Damage 162 37,043

Yes
Yes

No damage
Damage

Yes Unknown No damage
Yes Unknovh Damage

. Weighted

4ft%z
11:ee1

298,208
27,380

Percent

6%

9%

9%

- .
0%

‘::

780
a7

443,963
12,371 3%

5%

3 %
404,441

10,799

310,109
8,803

-

3 %
Front Yes Total No damage 4,570 1,940,262
Front Yes Total Damage 407 69,816

Rear
Rear

Rear
Rear

No
No

No
NO

No
No

up to 125
Up to 12S

126-175
126.1iS

Over 175
Over 175

KK::

No damage
Damage

No damage 66
Zinage 62

Rear
Rear

Rear
Rear

No damage
Damage

No damage
Damage

Rear
Rear

No damage 164 75,337
Dasage 165 59,988

Rear
Rear

Yes
Yes

Yes
Yes

Yes
Yes

up to 125 No damage 136 59,906
up to 125 Damage 37 25,095

Rear
Rear

Rear
Rear

126-175
126-175,. --

Over 175
Over 175

No daxtage 236 113,896
Damage 173 60,390

No damrge 87 S4,067
Damage 129 43,538

-Rear Yes Unkncmn No damage
Rear Yes Unknwn Damage

34
17

19,560
6,220

21,831
23,321

14,693
13,769

19,254
16,678

51,319”
25,510

24%

52%

48%

35
47

44%

30%

33%

45%

‘!:
Re2r Yes Total
?.e2r Yes Tstal

361 279,198
436 154 75& 3t’!
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I n j u r y  Frequency  by  Seat  damage

An estimated nine percent of  occupants in ~damaged seats in towaway
crashes of  knows impact type were at least moderately injured. The weighted
data for the three.years  of  NASS used here indicate an estimated:

393~4~9 injured at AIS 2 and
l~~~gg8  injured at AIS 3-6 or kil led,  among a total of

~~~g9~7~9  involved in undamaged  seats

from 1988 to 1990, In contrast, an estimated 25 percent of thoje in damaged
Seats in towaway  crashes of ~0~ impact type were at ieast moderately
injured. From 1988 to 1990, there were an estimated:

gg~27~ injured at AIS 2 and
gS,~g9  i n j u r e d  a t  AIS 3-5 o r  k i l l e d ,  among  a  t o t a l  o f

~S3~241  invu~ved  in damaged seats

based on the NASS weighted data unadjusted  for missing impact type and seat
damage data). Injury risk varied by impact type, but occupants of damaged
seats were injured more freq'~ent~y  than were occupants of ~damaged  seats
within each impact type (Table 8). The higher  injury risk in damaged seats
may reflect (at least in part)  the greater impact forces in the crashes in
which seats were damaged. Vehicle crash severity is considered later in this
report.

The  r isks  o f  moderate-to-maxims  in jury  ( the  moderate ~~~~r~  rate ,
ca lculated  as  in jur ies  per  involved  occupants  and  serious-TV-maxims in jury
(the serious ~~~~r~ rate) were higher in damaged seats and varied by vehicle
impact type, as follows.

I
Serious Inlurv Rate

Pa Seat  Damage  damaged  Seat  30 Seat  Darn-  damaged  Seat
~~~~over 17 percent 49 percent 5 percent 22 percent
Front 9 percent 34 percent 2 percent 16 percent
Near-side 7 percent 38 percent 1 percent 21 percent
Far-side 8 percent 23 percent 1 percent 13 percent
Rear 3 percent 5 percent 1 percent 1 percent

occupied seats were more to be damaged in near-side than in far-side crashes
(Table 41, and the injury risk in damaged seats was higher in near-side than
in  far -s ide  crashes  (Table  8 ) . These data do not suggest whether seat damage
increased injury (for example, by providing less protection  than if  the Seat
had been ~damaged~ or decreased injury {far examples by assorting crash
f o r c e s ) , and it may not be ppssible to draw such conclusions  from the
automated data. One complication  is the relationship  between seat damage and
crash severity~ which is explored later in this report,

* 12 -



Table 8: Impact Type, Seat Performance, and Injur
(19&e-1990  NASS Front-Cutboard Seats of Inspected Y

Severity
ovcd Cars)

Impact Seat
TvDeItLamda
Rollover No damg:
Rollover No damage
Rollover No damage
-
Rollover

Rollover
Rollover
Rollover

Unin’urtd
AIS 1
AIS 2

1::
2,014 5%

20,083 47%
68 11.177 26%

Rollover
Rollover

Frcnt No damage
Fror.t
Front

No damage
No dmane

Uninjured 2,136 1,512,842 48%
AIS 1 4,436 1,324,?93 42%
AIS 2 1.245 234.329 7%

Front
Front
Front
Iz?a
Front

Damaged
Damaged
Damaged

Uninjured
AIS 1
A:S 2
tis 3-6
Total

78 32,370 19%

. Near-side No damage
Near-side No damage
Near-side No damage

_ &li%.Egz
Near -side

Near-side Damaged
Near-side Damaged
Near-side Damaged

Uninjured 472 48%
AIS 1 895 3x: 45%
AIS 2 223 41;853  5%
AD 3-6
Total d8 li#%!d,

Uninjured
343:

23,579 13%
AIS 1 90,239 49%
AIS 2 192 31,639 17%
A.LS 3-6
Total

Far -side
Far-side
Far-side
k%

No damage
No damage
No damage

lJJ;njured
640 410,472

1,034 356,441 t5i:
AIS 2 231 53,614 6%
AIS 3-6
Total

Far-side
Far-side
Far-side

Damaged
Damaged
Damaged

Uninjured
AIS 1
AIS 2

Total

29 9,224 15%

‘2

El

Rear
Rear
Rear

E-i

Rear
Rear
Rear
E

No damage
No damage

Damaged

&aged
wed

Uninjured
AIS 1

Uninjured
AIS 1
AIS 2
AIS 3-6
Total

243 182,200 51%
441 166,019 46%

9,103
.-U-Z
359,292 100%

123
55s927404 149,275 EI

.’ s.
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Moderate injury appears more likely for occupants in damaged ~compared
to  undamaged~  seats  in  ro l lovers  (Table  91, f ronta l  impacts  (Table  101, near -
side impacts (Table II>, and far-side impacts (Table 12) == for both belted
and unbelted occupants= This means, for example, that risk of injury among
unbelted occupants.in frontal impacts was greater in damaged than in ~damaged
seats * The effect is not as clear in rear impacts (Table 131, possibly
because there are so few moderato  injuries in ‘rear impacts; the effect for
all  injuries in rear impacts ~minor  and more severe]  does appear to fol low the
pattern shown in the other three damage types.

It is not clear why belt use was less frequent in damaged. seats, but
estimates derived from these four tables indicate this was the case. The
frequency of  belt  use (belt  users per involved occupants  calculated from
occupants with bud data),  is  estimated as follows,

Belt Use Rate
~~ O v e r a l l

Ro l lover 59 percent 33 percent 57 percent
Front 63 percent 40 percent 62 percent
Near-side 72 percent 50 percent 68 percent
Far- side 72 percent 41 percent 69 percent
Rear 79”percent 72 percent 76 percent

Previous research has shown that belt users tend to be involved in
crashes at lower speeds ~F~na~  ~eg~~aror~  Impact ~a~~s~s~  ~endmenr  to
Federal Ifotor Vehicle Safety Srandard  ~~~, Passenger Car Front Seat ~cc~panr
Prorec~ion, ~~TSA, ~~T=~S=8~6=~72,  July 1984~~  so more-frequent belt  use in
undamaged seats may partly reflect the lower crash forces associated with belt
use. The association between crash severity and belt use is frequently
~ttr~b~t~d to differences  in driver attitudes toward risk, which are reflected
in a tendency for drivers who speed or drink (or otherwise put themselves at
increased risk of  collisions to also neglect to use an available safety belt .
This tendency may also explain why belt use is lower in rollover and frontal
impacts than in side and rear collisions. Useful comparisons of injury risk
and injury type by seat perfo~ance  will  need to account for differences in
belt use by seat perfo~ance  and for differences in injury risk by impact type
and belt use.

Eject ion is rare among belted occupants, so only unbelted occupants were
used to compare the likelihood of ejection from.damaged and undamaged seats.
unbelted  occupants of  seats damaged in a rollover,  frontal impact,  near-side,
or far-side impact were more likely to be completely or partially ejected than
were unbelted occupants of  ~damaged  seats (Table 14).  The degree of  ejection
~whether complete or partial) was unwon  for a small number of occupants who
were known to be ejected; these are labeled Unk  Deg  in the table. Ejections
of unknown degree have been prorated between complete ejections and partial
ejections in calculating the percentages  shown in Table 14. In large part,
the  d i f ferences  in  e jec t ion  r i sk  re f lec t  differences  in  crash sever i ty  ==
severe crashes were more likely to result in seat damage and to involve
occupant ejection and injury, There were very few ejection% from cars with
damage to the rear, but the available data do not suggest that occupants in
damaged seats were more likely to be ejected than were occupants in ~damaged
seats i
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Table 9: Seat Performance, Belt Use, and Injury Severity in Rollovers
(1988-1990  NASS  Front-Outboard Seats of Inspected Toved Cars)

Seat Belt Injury Actual

8

No damaie 1: AIS i 330 102,799No damage AIS 2 1.53 34,939 2:
ii US 3-6

Total %f ii!edI

No damage Uninjured 119 1!2,058
No dauqe 2: AIS 1 351 121,448 4:;
No damage Yes AIS 2 100 19,642 8%

S 3 6
iz-%g +E AJ-Total & T3k%d

No damage Unknovn Total 18 10,870

Damaged
Damaged
Damaged

E$i

Uninjured
AIS 1
AIS 2
tis 3-6
Total

Damaged
Damaged
Damaged

e-g!

Yes
Yes
Yes

E

Uninjured
AIS 1
AI.5 2
AIS 3-6
Total

Damaged Unknot Total 8 422

Table 10: Seat Performance, Belt Use, and Injury Severit  in Frontal Impacts
(1988-1990  NMS Front-Outboard Seats of Inspecte % Toved Cars)

Seat Belt

-IFNo damage
No damage No
No damage

No damane

Yes
Yes
Yes

No damage UnkIlOWl Total 129 51,202

AC tual

%
2,960

733

whted NuEter
402.243 35%
572;826 iO%
129,769 11%

Ei-t%d9 2

Uninjured 1,512 55%
AIS 1 2,327

1.;;;,;;;
38%

AIS 2 504. 103:491  5%

bls 3-6Total --$z1,940,262  1  0

Damaged

i!lz:::

Damaged ‘
Damaged
Zazagrd

kigi

Damaged

No

II:

ii
._

Yes
Yes
YES

E

Uninjured
AIS 1
AIS 2
KS 3-6
Total

8,124
54,636 52
20,315 20%

4-E

Uninjured 39
AIS 1 174 :;*:y:  ’ i’;:AIS 2

E+ ii

* . .

ii422 ,

Unknown Total 13 1,558
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Table 11: Seat Perfo~n~e,  Belt Use,  and Inju
7

Severity in Near-Side Impacts
~1988-1990  MASS  Front-~tboar& Seats o Inspected Toved  Cars)

No damage Yts
No damage YCS
No damage Yts

Unin’ured
AXIS 1
AIS 2

No damage endow  T o t a l 35 21,487

Uninjured

AIS 1AIS 2

19 6,24~  3%

‘9”:

Uninjured
AIS 1
AIS 2
m 3-6
Total

Total 14 4,016

Table 12: Seat Perfo~a~ce~  Belt Use, and Injury Severity in Par-Side Impacts
~1988-199~  NASS Front-~tboard Seats of I~spe~ted Tovvcd  Cars)

Seat Belt Injury Actual
~erfo~a~~~
No damagk

Wed Numbe
ii? - % 95 018 37;Uninsured

No damage No A:5 1 394 112~20s  43%
No damage AIS 2

m 3-6
Total

No damage Yes Uninjured 459 315,142 54%
No damage Yes AIS 1 627 237,332 41%
No damage Yes AIS 2 110 27,482 5%

As 3-6
Total

N o  damage  ~~Total 30 17,485

Un~jured 10 3,103 8%

Ars 1 4x 24,974AIS 2 3,742 ~~~
AIS 3-6
Total d? ~~I

~i~jured 1% 5,829 23%
AIS I r5,ooo  S9%
AIS 2 ii 2,:83 9%

~ +I ~~

Total 3 437
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Table

.

13: Seat Performance, Belt Use, and In’ury Severit
(1988-1990 NASS Front-Outboard Seats o$

in Rear Impacts
Inspected sowed  Cars)

Seat

No damage
No damage

No damage
No damage
No damne

;r:
Yes

Unin’ured
1AIS

AIS 2

187 138,801 50%
338 134,344 48%

27 4.627 2%

No damage Unknovn Total 14 4,767

Danaged

Damaged Yes
Damaged Yes
Damaged

z.tg!

Y$S

%

Damaged Unknovn

Uninjured
AIS 1
AIS 2

tw-

Lhfnjured

AIS 2

%F-

Total

34,173 22%
112,427 73%

6,346 4%

ti iF!+h%.

9 2,334

,’ -
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Table 14: impart  Type, Scat Pa~fo~nse~  and Ejection for unbelted ~c~~~nt~
~~988.1990  NASS ~ront~~tboard  Seats of ~ns~~~ttd loved Cars)

Imps5 t

~
R~II~er
Rollover
Rollover
~
Rollover

RolIover
Rollover
Rollovtr
RolIover
~
RolIover

Seat

No damage
No damage
No damagt

Da&cd
aged
Damgtd

Actual
3%

167

131
61
19

3

3.0@
182,924 ~

~6~6Dl 65.2%
6~697

2gb-:xx2,039 -
144
362

25,844 ~

Front

~

Front
Front
Front
Front

E

No damage
No damage
No damage
No damage

~

Damaged
Damagtp
Daznagtd
D~ged

3,683

:;
1

Near-side
Near-side
sear-side
Near-side
‘r”car-s”de
Near-side

Near-side
Near-side
Wear-side
Near-side
w”ea-.si
Near-side

No damage
No damagt
No damage
No damage

Damaged
D~agad
D~ged
Damaged

418 BO,?l~ 90.9%

::
1,762 2.0%

7.1%
2

“3;
i

489 ~~I

Far-sidt
Far -side
Far-side
Far -side

far-side
Far-sidt

~

No damage
No damage
No damage
No damage

~

Damaged
paged
D~ged
Damaged

Rear
Rear
Rear

4’ Rear

!e

Rear
Rear
?.ear
Acar
a
Rear

Damaged
Dzzagcd
Dzagrd
D~ag~d

160 59,846 43.6%

z
141 0.2::

0 0.v.*
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Injury Type by Seat Damage

Tables 15, 17, 19, 21, and 23 describe injured body areas, by vehicle ::
impact type. The tables describe all  identif ied injuries of  at least moderate ij
sever i ty , including multiple injuries to the same person. Injuries were not
identified for many fatalities (including those. who died before treatment and

L ~5

were not autopsied), but no attempt has been made here to adjust the estimates .jC

for missing injury data. The head and neck accounted for the largest number
of moderate and more severe injuries to occupants of undamaged seats, for most -.
categories of belt use and vehicle damage. Torso injuries were a larger
fraction of moderate and more severe injuries among occupants of damaged
seats, but some of this difference may reflect differences in crash severity
and impact configuration. The tables also show injured body areas for serious
and more severe injury, a subset of the moderate and more severe injuries.
The torso accounted for the largest number of serious and more severe injuries
for most categories of seat performance, belt use, and vehicle damage.

NASS investigators were able to identify injury sources for four-fifths
of the documented moderate and more severe injuries. Seatbacks caused no more
than eight percent of  these injuries in rollover crashes (Table 16). frontal
impacts (Table 18), near-side impacts (Table 20). and far-side impacts (Table _
22), based on the known inju’;y contact data. This was the case for belted and
for unbelted occupants, in damaged and undamaged seats. A larger fraction of
moderate and more severe injuries in rear impacts were caused by contacting
the seatback (Table 24):

13 percent for those unbelted in undamaged seats,
6 percent for those belted in undamaged seats,

26 percent for those unbelted in damaged seats, and
24 percent for those belted in damaged seats.

In rear impacts, it appears that occupants of damaged seats received more of
their injuries from seatback contact than did occupants of undamaged seats.
In some cases, heavy occupant loading of the seatback may have caused both
seat damage and occupant injury; the data do not indicate whether seat damage
exacerbated injury. About 73 percent of the injuries in seats undamaged in
rear impacts were attributed to frontal components. However, some rear
impacts included secondary impacts to the front or side (either before or
after the rear impact), and some injuries from frontal components in these
crashes may not have occurred during the rear impact itself: the data do not
indicate whether occupants rebounded or rotated into front structures after
rear impact.

There were very few moderate and more severe injuries caused by a
contact identified (from the automated data alone) as behind a normally-seated
front-outboard occupant. Injury contacts known to be behind a front-seated
occupant include the rear header, backlight area, and pillars rearward of the
B-pi l lar . Most identified injury sources that could be classified as front or
rear components were front components (such as the windshield area, instrument
panel, and front f loor area), However, many identified inriiry  sources
extended both forward and rearward of the occupant; for example, roof and
side  ra i l  in jury  contacts  are not  ident i f i ed  in  further  deta i l  in  the
autcmated  data ; the B-pillar was also classified as an ambiguous source.  A
review cf the ccmpleted NASS data collection f,orms  (including the sketch of
the vehicle interior and suspected contact points) and photographs of the
vehicle might identify the relative position for some of these contacts.

- 19 -



Table 15: Body Regions of moderate and Hare Severe Injuries in Rollovers
~~988-~990  N&S Front-~tboard Seats of Tns~cted  loved Cars)

Seat

Ho damagt
No damge
No damage

No damage

Belt

&-

2

t

berate a?ld Hare Severh
Actual

Wore Scverc

No damage
No damage
No damage

No damage

Yes Bead-neck
Yes Torso
Yes Arm
Yes Leg

e ~

Damaged
Damaged
D~aged
Dan-aged

~

Damaged
D~aged
Damaged
Dazed

~

NO
No
No

Nead-ne&k
Torso
ATZB
Leg
~

201
219

40
59

17e162  ~~~20,776

4J317 '9:3.968
0
46,224 m

Yes
Yes

~ead-~~ck
Torso

Yes Arm
Yes Leg

E ~

110 7~~43 50% 52 1,412 38%
116 4,624 ~~~ 53 1,367 42%

21 1,449 9 362 10%

Table 16: Sources of moderate  and More  Severe Injuries in Rollovers
~~988-~990  HASS Front-~tboard Seats of ~~s~tcted  loved Cars)

seat
Perf or~anc~
No daciage
No damage
No damage
No damage

~

No damage
No damage
No damage
No damage

YES
Yes
Yes
Yes’

4%

Geqeral  Arta of
Imurv  Source
F:xt co~?o~eot
Rtar connect
Searback
Otber/~clear

~

Front c~po~ent
Rear component
Seat~ask
~s~er/~~~ear

Pazagcd
D~aged
D~aged
Damaged
Pa=apQ
Daz.age5

Yes Front cczpoaent 117 5,599 46%
Yts Rear s~~nent Lb-- 0%
Yes Statback : 243 2%
Yes

Es Total
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Table 17: Bod Regions of Moderate and Hare Severe Injuries in Frontal Impacts
(19861-1990  NASS  Front-Wboard  Seats of Inspected Towed Cars)

Seat Belt I n j u r e d  .

-EDNo daaagz
dv w

Head-neck
No damage No Torso
No damage No Ann
No damage Leg

No damage
No damage

Yes Head-neck
Yes Torso
Yes Arm
Yes Lea

nore Severp
Actual

+ppg=$

243 29;979 11%
306 31.793 19%

Actual

9
371

1:;

!9+w-%
%a 48%
14;629 2::

442 xi; ::: 88 5,278 13%

521
336 48,169 2;;
149 15;SlB 181 ‘;A;;

9’: 12:840
“ix”
31%

mhdm I 3 33!33+ ,81 lobx

Dmaged
Damaged
Damaged
Damaged

kg!

Damaged
Damaged
Daaged
Damaged

Head-neck
Torso
AI-D

Yes Head-neck
Yes Torso **
Yes Arm
Yes Le

+2
L&‘“..?‘?‘.-l
Total

:38: 2t’E
11:017

35% 29% 220 472 23,802 10,025 2;;
170
396 34,155 297:

38 1,756
174 13,300 2’;:

209
241

2:;

72

12,941 26%
16,175
8,540 ::;

12,648 25%n
50,304loox

86
128

:i

ti

4,160 ‘,:9
1 , 4 6 0  hi

849 -*
4,379 2;:

Q
16,848 loox

Table 18: Sources of Moderate and tlore Severe Injuries in Frontal Inpacts
(1988-1990 NASS  Front-Outboard Seats of Inspected Toved Cars)

poderate tire Severe
Seat Belt Geveral  Area of Actual

e IF Inlurv
rce

No damage Front component BE-236,387
No danage No Rear component ’ 0

96:

No damage
No !xage ii:

Seatback 12 1,aa': ::
Other/unclear
fowl so!.l:ce
Sotal

No damage
No damage

Yes
Yes

Front comporyent
Rear component

Damaged
Damaged

Front ccmponent 1,396
Rear ccqonent 4 ‘““‘% ‘ii
Statback 7 960 1%
Other/unclear

Da=a;ed Yes F-or’ cr::--T.-
Yes ’ ‘*Rear co&.r:t-

5% 34,eii 63%
/. 0 0. 0%

Yes Statback 1,793 4x
Damaged Yes Other/unclear :: 5,330 13%

et
Y .k cm source
T:t:l

.
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Table 20: Scurrcs of Hodcrate  and More Severe Injuries in ~e~~-Side  l~pa~ts
~~93%-~99~  H&X Froot-~tbo~rd  Seats of ~ns~&ted  Towed  Cars)

Front c~po~ent
Rear s~pooent
Scatback
Other~~c~e~r

padcrate  and &xc Severe
Actual

% ~~9
ted Data

0 ’ 0
e2x

I IS

645 73,496 75%
4

211;
%-- E1,228

22,602 23X

~ ~~I 1
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Table 21: Body Regions of Moderate and Hart Severe Injuries in Far-Side Impacts
(1968-1990  NASS  Front-Outboard Seats of Inspected Toved Cars)

No damage
No damage
No damage

Belt

iiF
No
No

Head-neck
Torso
Arm
Leg
!%Y-

No damage YCS Head-neck
No damage Yes Torso

ii: :z;:
Yes Arm
Yes Leg

- e* No damage !=%-P--

17'8 '5*115 '29':12,366

195
9,764 23%
5,511 13%

d dm8

Damaged
Daeaged

kg-!

Damaged
Damaged
Damaged
Damaged

NO Head-neck
No Torso

E:
Am
Leg

!e !!sF-

Y&S Head-neck
YCS Torso ' '
Yes  Arm
Y&S Leg

+2 RP--

164

179

x;: 47% 6,097 44%

15 ‘727 4Sf

Iit,

6,5932% 9’ 291 “ii
17 1.743 3% 879 6 %

103 7,375
132 7,181

::: :: 2,037 30%
3,448 4?%

i 434 675 9% 6%

i2 EGhz*

?ab?e 22: Sources of Hoderatt and More  Severe Injuries in Far-Side Impacts
(1988-1990  NMS Front-Outboard Seats of Inspected Toved Cars)

Stat Belt

!%.TeYE3
No d&u&
No damage II:
No damage

kegf ii!

No dmagt Yts
No damage Yes

Ki 22:
Yes
Yes

Frcnt comp0ner.t
Rear component
Statback
Other/unclear

!E%=-=-

Front cmpo?tnt
Rear ccqontnt
Strtbrck
Other/unclear

sand seva
Actual

9-F!-33,372 75%

Y 1,37! !z
117 9,718 22%

iif +!+hz,

104 22,270 63%

8 1.44:
.

:.:

Damaged
Damaged
DamagedDamaged

1:

No

Front cunpontnt
Rear component
StrtbackOther/unclear

196 18,819
0

“ii
2,31:

:: 6,419 2i:

.-

Wsaged

DamagedDamaged
Damaged

Yts Front cmponer.t 94 6,611 40%

Yes Rear canpontnt 5 499--YCS Statback 663 2:
Yts Cy~rhnclear

9:
5,769 43%

E2
,c5 * owl sc%.ce

Tkal
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Table 23: Body ~t%~oRs of ~odtratt and Nort Stvtrt Injurits  in Rear Impacts
~~~%%-~9~~ EUSS broom-~tboard  Stats of ~~s~c~td  Tovtd Cars)

ate and Hart ScvcrC

No damage Yts Nead-neck
No damage Yts Torso
No damage Yes Arm
No dama%t Yts Lw
Ilo Es-No dama%e ~

Tablt  24: Sour~ts of Hodcratt and More Stvtrt Injuries in Rear Impacts
~~~%%-~~~~  MASS  Frost-~tboard Scats of Insptcttd Towed  Cars)

Seat
FerfO~a~C?
No damagt
::a damage
No damage
No damage

~

No damagt
No damage
No dasiagt
No damagt

Belt
I&L
No
No
No

~

Yts
Yts
Yts
Yes

$2

Gtyral drta of
Jnlurv Source
Front c~~nt~t
Rear c~po~~ct
Seatback
Ot~tr/~c~tar

Front c~~t~~
Rear c~pontn~
Statback
~tb~r/~cl~ar
~$-

Total

Hodcrate and F&e Stvtrt
Actual

Yes
Yes
rts
Yts

R-t

= 24 -
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Many moderate and more severe injuries from frontal contacts in rear
impacts involved the legs and arms (Table 25), but the injury mechanisms that
cause limb injuries may differ from those that cause other injuries. A large
fraction of these occupants with at least one moderate or more severe injury
to the head, neck;or torso were in vehicles with multiple impacts (Table 26).
Half the belted occupants with any of these hea.d, neck, or torso injuries were
cars that received frontal damage, either befdre or after the rear impact.

Table 25: Body Regions of Moderate and More Stvert Injuries
from Contacting Frontal Cmpontnts  in Rtar Impacts

(1988-1990  NASS  Front-Outboard Stats of Inspected Tovtd  Cars)
. .

Stat Belt Iniurtd AC tua1

Head-neck -v9%?%!
No damant No Torso 3 1:e71 36%
No dam&t N O Arm 0 -0 ox

No damage
No damage
No damant

Head-neck
Torso
Arm

.

Damccgtd
Damaged

No
No

Head-neck
Torso

Yes Head-neck
Yes Torso
Yes Arm

35% 20%
1”s

1 635  :::249

Table 26: Secondary Vthiclt Damage for Occupants vith any Moderate or More Severe Injury
to the Head, Neck, or Chest from Contacting a Frontal Component during a Rear Impact

(1988-1990  NMS Front-Outboard Stats of Inspected Toved Cars)

Seat B e l t Lesser

!ifEy

Actual .

FietF~-1,654 69%
No damage

Ikeg
g R

I l$Kii

No damage Yts None

Damaged
Damaged

E$

Damaged
Lzaged
Pamage:

No None

Yes None
YCS Front
Yes Side

e !%F

2 176 30%
4 5iX

ii ::: 20%

6fitk
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Rear Seat ~ccupancy~  Injury, and Front Seat damage

Front-outboard seat damage was more likely when the seat directly behind
was occupied (that is, when some.one  was in the leftzsecond  seat behind a
driver or in the right-second  seat behind a right-frost ~asse~g~r~  than when
it was empty. The ~~r~e~tage  of fro& seats that were damaged was:

10 percent with no occupant behind,
18 percent with one occupant behind, and
29 percent with multiple occupants behind (Table 271.

The association between seat damage and rear-seat occupancy is consistent  with
results from the Multidisciplinary Accident Investigation  (A Pre~~rn~n~r~
Evolution  o f  Sear-&ack  L o c k s  f o r  Two-moor Passenger Cars w i t h  ~~~d~~~ F r o n t
Searbacks,  C. Rahane, Office of Plans and Policy, ~TSA, ~~T-H~-~~?-~6~,
February 1987). Front-seat damage in frontal impacts to the two-door cars
included  in those data which were primarily models of the late 1960s and
ear ly  ~9~~s~  w a s  more  coon i f  there  were  a  rear -seat  occupants espec ia l ly  i f
the rear-seat occupant weighed at least 100 pounds.

Injury risk for those sitting alone in a rear seat was estimated after
.prorating those with any mod’erate injury from an unknot source (if they had

none attributed to seatback  contacts between the other two groups of
moderately~injured  occupants. Seven percent of these rear-seat occupants were
moderately injured, including:

5 percent when the front seat was undamaged and
18 percent when the front seat was damaged.

The risk of injury in the front seat was higher:

9 percent in undamaged seats and
26 percent in damaged seats [Table 3)

The greater injury risk associated with front-seat damage may reflect the
higher crash severity and vehicle intrusion that produce seat damage, as well
as any direct effects of  seat damage.

Table 27: ~c~~~t Injury for those Sitting %th~nd the Front-reboard Stats
~~~%%-~~90  MASS  ~ns~cted  Tovtd Cars in Rollovers Frontal, Side, and Rear Impacts)

N~er of Hoderatt  Injury from

- 26 -



I .
..a -

, ,. ‘-a -. a.
. . >

‘. ’

Among those sitting alone behind an occupied front seat, the estimated
fraction with at least one moderate injury from seatback  contact was almost
six times as high when the front seat was damaged (10.4 percent) as when it
was undamaged (1.8 percent). Among  those moderately-injured in a seat behind -
an occupied front seat, a lmost  three - f i f ths  (57  percent )  o f  those  s i t t ing -1
behind damaged front seats had at least one moderate injury from seatback t- ’

contact, compared to almost two-fifths (37 percent) of  those sitting behind 2%
undamaged front seats. Some front seats may have been damaged when they were F!
loaded by a rear-seat occupant: the crash may have forced the occupant against
the front seat. In other cases, the rear-seat occupant may have been injured
because the front seat intruded rearward. The available automated data on the
type of  seat damage will  be described 3ater  in this report.

Table 28 shqws the available d:::; by impact type. Occupants sitting in
the rear seat behind a damaged seat b..:L a greater risk of moderate injury
(compared to sitting behind an undamaged seat) for each impact type. And, in
part icular , the risk of moderate injury from seatback contact was much higher
for occupants sitting behind damaged seats for four of  f ive crash types (all
except  near-side damage). However, it is not clear whether front-seat damage
contributed to the injury in the rear seat or whether both were caused by
severe crash forces.

Table 28: Occupant Injury b
r

Impact Type for those Sitting Behind the Front-Outboard Seats
1988-1990  NASS  Inspected Toved Cars)

Impzc t
--,!”
Roilover
Rollover
Rollover
Rollover
Rcllover
Fellover
Roiiovar

MOdCrdte  Injury from
Front SedtbdCk Co-
No occupant
No moderate injury
AIS,=2, none from sedtbdck

Front No occupant
F:ont No moderdte injury
Front AIS>=2, none from scdtbdck
Front
Front

AIS>=2, caused by sedtbdck
AIS>=2, unknoVn  If sedtbdck

m &Jt;gle  o-nts
F:cnt Total

Near-side
Herr-side
Ncdr-side
h’edr-Side
Nedr-Side

iii%%

No occupant
No moderate injury
AIS>-2, none frcw scrtbdck

Far-sidt
Fdr-side
Far -site
Far-side
Far-s;&

52%

Total

No occupant
,.

,I --
No mod&ate injury
AIS>-2. none frm seatback
AIS>=2; caused by seatback

SedtbdCk

Total

Recr
Rear
P.ear
?.ear
Rear
Dr.--
Rear

No occspant
Qcrnn$erdte  injury
.-- -_, XT? frcz  statback

AIS>=2, caused by sedtbdck
AIS>=2, Unkn0L-n  l f  SedtbdCk
Y- I : f 1‘2le ,c,..ST “...a”tc_
iota1

3%
‘126

16

vii

7,680
712

22

2

EsI

1,493
168

21
2

iA,

1,842
201

8
1

ni,

618
113

5

iTi
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.Veinhted
401,571
45,498

2,067 ‘Z

2.8:;
014%

2,865,472
2546,;;;

$254
‘EZ

1:5x
1,694
3.392

3,135,410 lOO.Ol

712.335
--v---

9 0 , 4 9 5  942.;;
3.5a4 .
3,319 3.S%
1,037

e81 ,737 100,6x

760,233
69,007 96.2%

1,223 3.7%

1.4;;
0.1%

314,403
44,090 99.1%

iO! 0.6%

-2:;
0.3%

Loo-
359,292 100.0%

9%
31

:

2

849
246

4;

i$

832
74
44

96

d

286

‘i
7

-4

525
73

:

37,327

166 5.1%
183

-94 2 ,  l., m

115,152

46,4162,175 ‘Z
0,237 16: 1%
1.408

I:zai
174,728 1oo.ox

166,634
13,409 73.2%
4,341

‘E
ii95 -

26
104,984 m

55,321
6,;;; I$.:;

355 7:;X
4lj

189,011
26,196 93.9%

171 3.6%
1,486 5.5%

55
155

217,075 1oo.ox



A single year of NCSS data with detailed seat intrusion data were
collected more than ten years before the MASS  data described here,  and reflect
the  experiences  o f  ear l ier  vehic le  des igns  in  previous  years . Despite their
age, the automated NCSS data are.useful because they include info~at~on  on
unoccupied s e a t s ; these data may suggest relationships  that could be explored
by reviewing the individual NASS  case do~~ent~  or that could suggest
additions to the NASS data ~olle~tio~  forms, -

The NCSS data on seat perfo~ance  were defined as intrusions into a
specific  seat space (‘and include the direction of  the intrusion into that
space), rather than as damage to a particular seat. Results from NCSS and
MASS  data  are  not  d i rect ly  ~omparab~e~ seat damage that did not result in
intrus ion  i s  not  described  in  NCSS, and it  is  sometimes  d i f f i cu l t  to  det~~ine
from the NCSS auto-bated  data which seat was intruded into a particular space.
Forward seat intrusion into the front seat and rearward seat intrusion into
the second seat both imply that the front seat-was involved~ the number,
veighted number, and relative frequency  of longitudinal intrusion are shown in
Table 29.

The data suggest that both front-seat and rear-seat occupants
contributed to the frequency  of front-seat longitudinal intrusion. The
percentage of front-outboard seats that were intruded forward or rearward in
towavay car crashes was: ‘*

m
1.6 percent when both the front seat and the seat behind

were unoc~upied~
3.5 percent when the front seat was occupied and the seat

behind was not,
8.7 percent when the front seat was ~o~cupied and the seat

behind was occupied, and
14.5 percent when both the front seat and the seat behind

vere occupied.

The  ~ontribut~on  o f  the  rear -seat  os~upant  to  f ront -seat  ~ntrus~on is
suggested further by Table 29. More longitudinal  front-seat intrusions  were
attributed to deformation from the rear passenger ~28.2 percent of all those
with a single identified cause) than were attributed to defo~ation  from the
front passenger (25.2 percent of the known data). This occurred despite nine
times as many front-seat occupants as rear-seat o~~upants  in these crashes.
Most o~~upants  were belted  at the time the NCSS data were collected, and
there were almost no belted rear seat occupants then --  these data essentially
reflect the experiences of  unbelted occupants in older vehicles.

An estimated 7.5 percent of  the front-seat intrusions were attributed to
defo~ation  from inertial forces caused by the mass of the seat.  This type of
damage is not included  on the NASS  automated file because it largely pertains
to  ~ocsupied  seats . ~ovev~r  I the prevalence of this type of damage in more
recent vehicles could be,~~imated  from a review of  the detailed NASS  case
do~~ents  I

There were 413 fatalities in the towed cars that were inspected by the
XSS teams between April 1978 and March 1979 (in the last pear of the study).
The  FARS nat ional  census  o f  t ra f f i c  fata l i t ies  inc ludes  28~881  passenger  car
accqant  fata l i t ies  dur ing  these  twelve  months~ vhich is  69.93 times as many
as  investigated  by  SCSS. This factor can be used to make crude estimates of
the n;u;lher of  frcnt-outboard  seat longitudinal intrusions  that would have
occurred during these twelve months if the h’CSS sites were representative of
the nation. The results are shovn in Table 30.

- 28 -



Table 29: Occupancy and LOngitUdindl  Intrusion into the Front- and Second-Outboard Stats
(April 1978.March  1979 NCSS Inspected Toved Cars)

Jwct fw leither
CCCUPANCY

Rollover
Front
Near-side
Far-side
Back
Other
yJlknovn
Total

199
1,916

367
401

‘i9”

LCh’CIN3INAL  Ih’USION

Rollo.:e r
Front
Near-side
Far-side
Back
Other

2 ? wl
TOtdl

IERUSIOKS  PER INVOLVEMENT

Rollover
Frcnt
Near-siie
Far-side
&ck
Total

457
3,709

t::
295

4-iI

2::
127
41
75

109
42

ii

16;
23
9

s

d

720
6,150
1,344
1,344

586
108

id3*

4::
191

“%

&

TotalFront Rear

723
0,981
1,690
1,910
1,272

119

i&f

113,
72

393

A

i-:;
413%
0.5%

%i

1,331
15,800

3%
I:485

251

&ii!

4.4%

:*;:
214%

3%

* Indicates fever than 25 observed tovdvay crashes.

Tdble 30: Specific Longitudinal Intrusion of the Front-Outboard Scats
(April 1978~March  1979 NCSS Inspected Toved Cars)

AC tua1 * Annual___ _---
Seat musicns AA$sAVeinhtedNumber

Broken components:
Stdt  adjusters

:; :!i
3,496Sedt t r a c k s 3,706

Folding locks 44 129 9,021
Deformed by passenger:

From rear
From front

219 437 28.2% 30,559
163 391 25.2% 27.343

fiimed  by:
Inertial forces, mass of stat 116 ?.S% 6,112

rtmcnt intrusion 2:: 340 2:*:: 24,336
,._ _..-_ 19

-Combination _ .- 14 :i ; $0 .

De:
L.~..
Compa-  --~

Other
-__-..-_-_..

Total

209
1,697

i'ii
192

34

33;
40
15

::

6

2.9%

:z
3:6X

it-2

2,260
‘“5.:;;
$077
2,950

440

d-B.

7;‘;
347
107

‘;t
AI

Y.
d’

l Estimated by inflating the NCSS veighttd data by a factor of 69.93
to approximate the relationship betvcen NCSS dnd FARS fatalities.
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Crash Severity by Seat ~a~age

Seat damage was much more likely at higher  crash speeds, as indicated by
the ~r~~~rti~n  of vehicles with extensive vehicle crush --  defined as crush to
extent tone three arid beyond (Table 311. Vehicle crush reflects a variety of
factors * i~~~~di~g  the specific vehi~~e area d~aged~ the vehicle stiffness at
the damage point, the size of the damaged area,  and crash severity. Thus a the
percent of brash-~~v~lved  vehicles with a crush extent zone of three or beyond
can only suggest  the rg~a~i~~sb~~  between crash severity and seat damage.

Front No damage

Ez F
ad-

Ho danlap

Front
fxQ&
Front

Near-side Wo damage

c.
sz

There  are  no identified  front ,  near -s ide ,  far -s ide ,  or  rear  ~~~r~l~~ver
crashes with unknown  extent zone because n~nro~~~ver  damage area and extent
zone are coder!  together as part of  the ~~~lis~o~  ~e~~r~ati#~  ~~ass~~~~atio~.
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The fraction of occupants in vehicles with crush to extent zones three and
beyond is estimated from Table 31, as follows.

1: o f  Ocmts. Extenf  Zone>=
N o  Damaned

Rollover 63 percent 88 percent
Front 17 percent 4’1 percent
Near-side 33 percent 81 percent
Far-side 39 percent 89 percent
Rear 26 percent 54 percent

The data in Table 31 can also be used to estimate the risk of seat
damage for vehicles with l xtensiye (tone three and above) crush damage. More
than half of all occupied seats were damaged in vehicles with extensive rear
crush. The risk of seat damage was less for other vehicle impact types:

12 percent in vehicles with extensive crush in a rollover,
12 percent in vehicles with extensive frontal crush,
36 percent in vehicles with extensive near-side crush,
15 percent in vehicles with extensive far-side crush, and
55 percent in vehicles with extensive rear crush.

Extent zon; three to the side is crush a quarter of  the way into the vehicle,
so the seats in crashes with extensive near-side crush (extent zone three and
beyond) may have been directly damaged by intrusion (depending on the exact
crush location along the side). In contrast, extent zone three to the top
(such as occurs in some rollovers),  to the far-side,  and to the front need not
involve intrusion into the seat. This probably explains why seat damage was
more common in near-side impacts than in rollovers, frontal impacts, and far-
side impacts among crashes with crush to extent zone three. Extent zone three
in the rear :_Duld  not generally involve front-seat damage from intrusion. The
high risk of seat damage in rear impacts largely reflects nonintrusion seat
damage. The 1990 and later years of NASS include more details on the type of
seat damage, and these will  be explored later in this report.

Delta V is a better measure of the forces on the vehicle and occupants
than is extent zone, but delta V is less-frequently available. Delta V is not
defined for rollover and other nonhorizontal events,  and there is no good
alternative severity measure for these cfashes. When delta V is estimated for
a  ro l lover  crash, it  reflects the severity of  another impact to the vehicle.
Delta V could not be estimated for 42 percent of inspected nonrollover crashes
-- either because the crash was too complicated for the delta V algorithm or
because the damage data were incomplete or contradictory. Vehicles for which
delta V was estimated may not be typical of all towaway  crashes.

The data show that a larger fraction of damaged seats than of undamaged
seats were exposed to a severe delta V (defined as at least 30 mph, Table 32).
For example, in frontal crashes 15.0 percent of damaged seats compared to 1.3
percent of undamaged seats had a delta V this severe.

s.
d’

Percent  o f  0cwmn.t~. Delta  V>= 30 mph
Fo Seat Damau ed Seat

Front 1.3 percent 15.0 percent
Near- side 0.0 percent 3.2 percent
Far-side 0.4 percent 5 :l percent
Rear 0.4 percent 4’. 3 percent
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Hear-side Ho damage
Near-side NJ dads
year-sidr )ra dw
Elcar-side. Ho damage

I

Near-sidc Danta~cd
Star-side ~~a~~d

Rear
Rear

k-t!

Wo damage
Ho damage

These data can also bc..used  to estimate the risk of seat damage for
vehicles with severe delta-Y (30 mph and above). The fraction of seats
damaged was:

-30 percent in severe frontal impacts,
99 percent in severe near-side imparts,
51 percent in severe far-side impacts, and
87 percent in severe rear impacts.

1Cr

The differences  in crash severity indicate why the effect of  seat damage on
safety cannot  b e  e s t i m a t e d  b y  s i m p l y  c o m p a r i n g  i n j u r y  r i s k  i n  d a m a g e d  a n d
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undamaged seats. The severity of  the crash is responsible for both seat
damage and injury severity, and the separate effect of seat damage on injury
severity is not easy to estimate from the aggregated data.

To explore crash severity biases in the comparison of damaged and
undamaged seats, injuries were counted within ten mph delta V categories.
There were insufficient data to separate belted and unbelted occupants, so all
occupants (regardless of belt use) were combined. The data in Table 33 show
the total number of occupants, the number with moderate (AIS=2) injury, and
the number with serious and more severe (AIS>=3) injury. The moderate injury
rate (the fraction of involved occupants who received a moderate or more
severe injury -- AIS>=2) and the serious injury rate (those with serious or
more severe injury -- AIS>=3) are shown in Table 34. An injury ratio was
calculated as the injury rate in damaged seats divided by the injury rate in
undamaged seats, to measure the association between injury severity and seat
performance within categories of damage severity.

Much of the association between injury risk and seat performance is
accounted for by crash severity: the injury rate ratio tended to be smaller
within categories of  delta V than overall . For example, the injury rate in
frontal crashes was 3.5 times as high for occupants of damaged seats as for
occupants of undamaged seats, but the highest injury rate ratio within delta V

-categories was 2.3 (for lo-to-19 mph crashes) and it was much lover in other
delta V ranges. However, the injury rate ratio for frontal crashes was at
least l.l- in each comparison that had at least 25 involved occupants,
indicating that occupants of damaged seats were more likely than occupants of
undamaged seats to be injured in crashes at similar delta Vs. The comparisons
are summarized below: ratios based on a particularly small number of cases
are indicated by an asterisk and the footnote.

Delta V .  mDh
Delta V 00-09
Delta V lo-19
Delta V 20-29
Delta V 30-39
Q=lta V 40 ug
Al l  vehic les

Moderate Iniurv Rate Ratio
* *F r o n t  Year-Side  Far Sldc: Brar

o .o* 7.6 0.1* 5.2*
2.3 4.1 1.5 1.4
1.7 2.6 1.3 0.5

0.7* 1.3* 0.4*
i.2 - * l&Q* Q&*
3.5 5.8 2.9 1.8

l Indicates comparisons based bn fever than 25 involved
occupants in either undamaged or in damaged seats.

These data suggest that injury risk is greater in damaged than in
undamaged seats within most delta V ranges if the comparisons are limited to
situations with at least 25 actual cases of undamaged and of damaged seats.
For both near-side and far-side crashes, seat damage may act as a surrogate
for the extent of  passenger Fompartment  intrusion, even within delta V ranges;
it is not clear how the &served  patterns should be interpreted. Comparisons
for rear impacts are limited by the small number of moderate injuries
investigated; it is not clear from these comparisons how,_qr whether, the
injury rate-tatio varies with delta V in rear impacts.

The data for each vehicle impact type include a mix of seat damage types
(broken seat components, deformation from occupant loading, and deformation
frcz *vehicle i n t r u s i o n ) , and the relative frequency of these seat damage types
and their injury consequences differ by impact type, as indicated by the
detailed 1990 SASS seat damage data described later in this report.
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Tablt

r~p~ct Stat

~ ~
Front Ho dtmtgt
Front No dtmtgt
Front Ho dtmtgt
Front Ho  damage

~ ~

Front
Front
Front
Front
Front

E%

Total

)Itar -siCt
Near -sidtHear-side

Star-side
Near-side

No dtmtgt
Ho daumgtH o damage

Ho damage
No damage

t a r - s id t So damage
Far-sidt No damage
far-side No dtxuagt
Far-sidt IO damagt
Far-sidt No dtmagt

Far-sidt
Far-side
Far-side
Far-side
Far-side

Rtar
Rtar
Rtar
Rear
Rear

E

No darnapt
Ilo dtmtgt
No dimtgt

Ex :s:

Zxr
Rtar
Rtar
Rear

Damaged
Dtmtgtd
bnagcd
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Table 34: Impact Type, Stat Performance, Delta V in mph, and Injur Rates
(1988-1990  NASS  Front-Outboard Stats of Inspected Toved Cars1

Inpact
T De
F:ont
-Front
Front
Frcnt
Front

ii%

Stat

lit%y
No damage
No damage
No damage

Total

w
10-19

:i::;
40 +

!%F

:z 8.9%

a2:sx
26.7%
44.1%

9.5x z

Injury Ratio:
Damagtd Ratd

Front
Pront
Front
Front
Front
hs2.t
Front

Damagtd
Damagtd
Damaged
Damaged
Daraged

K!i
0.0%

19.4% 8-i i-9”
1:7 2:3
1.2

iv:1.1 .

in? 3.5 8.1

Near-side
Near-sib
Near-side
Near-side
Sear-side
-
Near -side

Near-side
Near-side
Near -sic?e
Near-side
Near-side
‘taresi

Near-side

No damage
No damage
No damage
No damage

ax
3.2%

20:29
0.9% s*::

22.2% 5:0x
30-39 100.0% 100.0%

No damage

Damaged
Darcagcd
Damaged
Dmaged
Damaged

00-09 24.1% 3.2% 7.6 11.8
lo- 19 36.6% 14.8%

58.6% t:
:i::; 75.0% ix:
40 l 62.2% 51:4x

;:ij

1
0:7

KY 33 21.4x 73 14.9

;:;-p:
- 1

Far -side
Far-side
Far -siCe
r r.c:.l

Par -side

Far-side
Far-side
pyfj:

Far-side

Rear
Rear
Rear

i:::

ii%

Rear
Rear
Par

: Rear
Rear
m
Eczr

No damage
No damage
No damage
No damage

5: :z&
No damage
Damaged
Damaged

2z;::
Damaged

k$

No damage
No damage
No damage
No damage
No daargt

!%%g

Da&cd
Danaged
Savaged

E;
20:29
30-39
40 +
p-hk-.rvq
Total

%Z
20-29
30-39
LO l

00-09
10-19
20-29

E9
Jl.rmm
Total

00-09
10-19
23-29
30-39
40 l

y$y

4.7%
1.9% y-g

30.5% 1o:sr
b2.OX

2.49:100.0% .

7.81 1.4x
O.S% 0.1

12.0% 1.5
40.8%
79.3% f*i

100.0% 1:o

22.w m T-9 3.6

:-if
10:9x
s9.1x
68.3%

Tiz 0.5x

l@.l%
2.8%
5 . X

::::f

1.1% ?TB  E

.



Drivers and right~front passengers together in,a car are exposed to the
same vehicle crash ~though  not necessarily to the same injury risk), which
suggests that it might be possible to compare their injuries to gain some
insight into the association  between seat dama,ge  and injury. This is the
basic idea behind the matched-lairs  analytical  method that has been used with
FARS data, ~rimari~y in studies of safety b e l t  eff~~tiv~n~ss~  it is described
by Leonard Evans in w~oub~~  Pair eom~arison  -- A Mew Method to ~~t~~~n~ ffOW
Undulant  ~hara~t~risti~s  Affect Fatality Risk in Traffic Crashes,” A~~~de~t
~al~sis  and Fr~~~nt~on,  Vogue 18, ember 3, pages 217-227, June 1986.

Table 35 shows the number of towed cars that had two front-~~tkoard
occupants with known seat ~~rfo~an~e  and provides a comparison of the risk of
moderate injury by seat damage. Only front and rear impacts are i~~~ud~d
here, because rollover and side impacts seem less likely to involve crash
forces that are similar for the two positions.  However, comparisons of
injuries by seat ~~rfo~an~~ may be ~onfo~dgd by differences in the severity
of the crash as ~x~er~gnc~d  try each o~cu~ant, even for two o~~u~ants  within
the same vehicle. For vehicles with both a damaged and an undamaged  front-
outboard seat, the occupant in the damaged seat may have been exposed to the .
more severe crash forces or $0 greater intrusion. As a result, this method
may ~onf~r~  the association between seat damage and injury (while using &
another method of accounting for diff~ren~~s in delta Y), but it still cannot
id~nt~fy seat damage as the unambiguous cause of any observed differences.

Table 35: Injurits  in Vthiclts  with Both and Drive and a ~ight-~r~n~ Passenger
~~96g-~99~  NASS  ~r~n~-~tb~ard  Stats of rns~&~td Towed  Cars)

impact Stars
‘p,-e >arane?

Rear, rtgardltss of belt  ust

Xtither
RF Pass
Driver
Both

Front, rtgardltss of belt ust

Nti tht r 1,936 303 373
RF Pass 139 48 57
Driver 123
Both 231 41 1::

Front, n t i t h t r  ~c~~tnt  b t l t t d *
., .-

Ntithtr 740
RF Pass 67 2: l92:
Drivtr
Eotb-

No Numbtr

98,082 3~Q40
~0,6g9 364

2,O~~ 3 . 1 0 %  2 . 0 4 %
3.41% 0.72%

14,154 1,052 232
46~9~g 2,872 2,641 ~.~~~  i ~.~~~  -

6~~~~~~  43~320  64,~~  6 . 3 5 %  9 . 3 2 %

19*913
5 , 7 2 0  8,145  20.~9% 2 8 . 6 1 %

311159 9,051 5,761 ll,~gl 3,061 28.96% 29.~3% 35.36% 15.37%

T.77%  14*47x
3,149  3 , 4 9 3  2 3 . 2 8 %  25.%2%

2~440  20.%2X  23 .65%
6,OID 30 .77% t&52%

3~4,j29 17,325 19,997 4‘6~% 5.31%
9,663 2,2:1 2,?41 21.95% 30.44-z
6,0~6 ‘593 159 E.lE% 2.62%
8,631 1,205 2,957 13.96% 34.26%

faiurv Rate Rati
Driver/ RP Pass
P.F /DariY&~
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The matched-pairs method attempts to control for differences in crash
severity (both occupants in a single car are exposed to the same delta V>, but
comparisons of  injuries in the two seats are complicated by differences in
their inherent safety risks (the two occupants are near different structures,
and a specific crash configuration may be more hazardous to one occupant than
the other) and differences in seat design (the driver seat may offer more
adjustments,  and it  may be designed differently in other ways as well) .  As a
result , one position may tend to have more injuries than the other, and seat
damage may involve different risks for the two occupants. I t  i s  n o t  c l e a r
that these differences invalidate the comparison of  ratios used in the
matched-pairs technique, but the possibil ity of  confounding factors should be
considered in considering the results.

There were very few moderately-injured occupants in rear impacts in
these data, which limits the accuracy of the estimates. It appears that
drivers vere injured more frequently than their right-front passengers 4.
(labeled RF Pass in the table), for belted and unbelted occupants combined,
but it  is  not clear that seat damage was associated with differences in
moderate injury risk. The number of injured drivers was higher than the
number of injured right-front passengers (in cars that included occupants in
both  pos i t ions )  in  rear  impa,cts,  by  factors  o f :

. 4.73 when only the passenger seat was damaged,
- 1.52 when neither seat was damaged,

1.09 r;hen both seats were damaged, and
4.53 when only the driver seat was damaged.

If seat damage were associated with injury, the values on this l ist  would be
expected to increase (with the two situations of similar seat damage --
neither seat damaged and both seats damaged -- having injury ratios similar to
each other and between the other two values). It was relatively uncommon for
only one of the front-outboard seats in a rear towaway  impact to be damaged,
and this limits the data available for comparing injury outcomes by seat
performance.

There were more data for moderately-injured occupants in frontal impacts
because there were both more frontal impacts and a greater likelihood of
injury in these impacts (compared to the experience in rear impacts). This
provides a better basis for exploring the association between seat performance
and injury, but the effect of seat damage in frontal impacts may not be the
same as in rear damage types. Right-front passengers were injured more often
than their drivers in frontal towaway  impacts (for belted and unbelted
occupants, combined) for three of four seat damage categories; the exception
was that when only the driver seat was damaged, more drivers than right-front
passengers were injured. The ratio of  the driver to right-front passenger
injuries ( in cars that included occupants in both positions) in frontal
impacts was: / .-

-9.70 uhen only the passenger seat was damaged,
‘0.68 when neither seat was damaged,

L.

0.82 when both seats were damaged, and
1.88 r;hen only the driver seat cas damaged.

The higher driver injury ratio when only the driver seat was damaged
(1.88)  ccmpared  to the ratio when only the passenger seat was damaged (0.70)
is consistent with the direction that t;ould be expected if  driver seat damage
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increased injury risk in frontal impacts. 3owever ) the pattern would be more
convincing if  the driver injury ratios for the two similar-damage  situations
(neither or both seats damaged~  were closer to 1.3 (between the two extreme
situations~.

Belt use was’the  same for.both  front-outboard passengers  (either both
were unbelted  or both were be~ted~ in most frontal crashes. Belt use was
unknown or differed for the two passengers for‘ some cases; these are ~n~luded
in Front, regardless  of kelt use but not in either of the two groups Front,
neither occu~a~t belted and Front, both  occff~~~t~  be l ted  in  Table  35. For  the
cases where neither occupant was belted, more right-front  passengers  than
drivers were injured in all  four seat damage categories.  However,  thcre,does
not seem to be any pattern between seat damage and the driver injury ratlo-
The ratio of  driver to right-front passenger injuries ~ng ~be.l.ted  occupants
in frontal impacts was:

a ~.~O when only the passenger seat was damaged,
0.54 when neither seat was damaged~
0.95 when both seats were damaged, and
0.88 when only the driver seat was damaged.

.The driver injury ratio was higher when any seat was damaged than when no seat
was damagers  but there is no obvious meaningful explanation of  this effect.
These ratios do not suggest that risk injury among unbelted  occupants in
frontal crashes increased when their seat was damaged.

For the cases where both the driver and right-front passenger were
belted in a frontal crash, there were more injured drivers than right-front
passengers for three of four comparisons. The driver injury ratio among
belted occupants was:

0.75 when only the passenger seat was damaged,
0.87 when neither seat was damaged,
0.41 when both seats Kere damaged, and
3.11 when only the driver seat was damaged*

This large difference in driver injury rate ratios between cases where only
the driver seat was damaged (a ratio of  3.11) and all  other cases (ratios
ranging from 0.41 to ~*g?~ may be a random effect of the small n~ber of
injured belted occupants in these data. The comparison  between the two
situations  with a single damaged  seat (for which the driver injury ratios were
0.75 and 3.11) fight suggest that driver seat damage is associated with a
greater injury risk among belted drivers in frontal crashes- However,  the
ratios for the two similar-damage cases do not fall between these two values
and so do not support this interpretation.

All  four com~ariaons in Table 35 may aim~ly indicate that there are too
few NASS data for this type ‘df analysis, and this may lead to seemingly
inconsistent  resul ts . It would be useful to attempt to perform this type of .
analysis cn a larger data fi le, but seat damage info~ation  is not currently
available on FAR8 or any state accident data fi le.

a.
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Seat Damage Type

The 1990 NASS data indicate that seat damage was more often intrusion-
caused deformation (42 percent of damaged seats with one damage type) or
deformation from occupant loading (35 percent) than it was broken seat
adjusters ,  fo ld ing  locks ,  t racks , and anchors (23 percent combined, Table 36).

Table 36: Detailed Seat Performance
(1990 NASS  Front-Outboard Seats of Inspected Towed Cars)

if%$P=-
Sert Jdlusters broken
FoldingTlocks  broken
frJCk/JnChOrS broken
Deformed by occupant
Deformed by intrusion
Conbination

Actual

3%
’ 75
10s

32
450
a5

2,309,639
16,974
27,071 1:;
12,733 5%
aa,
104,578
12.288

Other 13;610
44.419

2,630,003  5

Nonfolding seats had a’lmost twice as much deformation from occupant
loading  as,from intrus ion .  In  contrast , folding seats had two or three times
as much deformation from intrusion as from occupant contact (Table 37).
Broken seat components accounted for:

17 percent of damage in bucket seats without a folding back,
28 percent of damage in bucket seats with a folding back,
20 percent of damage in bench seats without a folding back, and
12 percent of damage in bench seats with a folding back.

The vehicle impact type appears related to the type of seat damage
(Table 38). Seat breakage (as opposed to deformed seats) accounted for the
following percentages of damaged seats:

45 percent in rollover crashes,
45 percent in frontal impacts,

3 percent in near-side impacts,
22 percent in far-side impacts, and
28 percent in rear impacts.

Most seat breakage in rollovers (and accounting for 40 percent of  all  seat
damage in rollovers) involved the folding locks.  This is higher than the
proportions in the other four vehicle impact types.  Deformation from occupant
contact accounted for 71 percent of seats damaged in rear impacts and 42
percent in frontal impacts; most seat damage in side impacts was intrusion-
caused deformation (90 percent in near-side and 71 percent in far-side
crashes).

The risk of moderate injury differed by vehicle impa&!  type and seat
performance as show-a  in Tables 39 to 43.
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Tablt  37: StJt Type and Detailed Stat Perforce
~~99~  NASS Front-~~board Stats of ~~spt&rtd Towtd Cars)

Scat
Bucktf, not folding
Bucktt,  not folding
Bucktt, not folding
Bucket, not folding
Bucket, not folding
Bucktt, not folding
Bucktt, not foId~ng
Bycktt- not folQZpp
Bucket, not fold~g

lucktt, folding
Bucktt, folding
Eucktt  I folding
Bucket, fording
Bucket I folding
Bucktt, folding
Bucktt, folding
Bucket. foldsg
Busket,  fording

Bench, not folding
Htnch, not folding
Bench, nor folding
Btnch, not folding

+ Bench, not  fording
Btnch, not fording
Bench, not folding
Bench. not fQ1P+S
Bench, not folding

Btnrh, folding
gtnch, folding
Bench, folding
Bench, folding
3ensh,  folding
Senth,  folding
Bmrh,  foldjng
Eench-  f o l d -  o
Bench, foldZg

Other type
Orhts  typt_-
&her tvn~
Othtr type

anion typt

Total

%Jt

N5 JtJt  dJiM~t
StJt JdjWW broken
FoIding lock broktn
TrJC~~&hor  broken
~f~~td by ~~u$~~
~fo~td by ~t~sion
Other or  C~~nJ~ion

NO JtJt dtSia~c
Stat adjusttr broken
Folding lock broktn
TrJC~J~ChOr  broken
~efo~td by oc&u~n~
~tfo~ed by intrusion
Othtr or ~~inJ~ion

-

No seat damage
Seat Jdjusttr broktn
Fblding lock broken
~rtc~tnc~or broktn
~fo~ed by ~cu~nt
lkfornrtd  by intrusion
Other or C~binJtion

No stat damagt
stat adjuster broktn
Folding lock broktn
TrJC~Jn~hOr  broktn
~fo~ed  by occupant
~tfo~ed by intrusion
&her o r  C~binJ~ion

AstuJ1
3%-i
* * 20

12
12

1:;

34I

2,879
23
76

1::
206

32t

1,423

:i

it

3”:

d8

489

:
3

24
45

2

:

+

49

7,466
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Trblt 38: Detriltd Seat PerfOmJI'Ce
(1990 NASS  Front-Outboard StJtS of Inspected Toved  CJrs)

Damane
Ares-
Rollover
Rollover
Rollover
Rollover
Rollover
Rollover
Rollover
Rollover
Rollover

Front
Front

E::2
Front
Front
Front

Near-side
Near-side
Near-side
Near -side

. Near-side
Near-side
Near-side

Near -side

Far-side
Far-side
Far-side
Far-side
Fir-side
Far-side
Far-side

Rear
Rear

No damage
Stat JdJusters broken

Rear Folding locks broken
Rear TrJck/Jnchors broken
Rear
Rear

Deformed by occupant
Deformed by intrusion

Rear Other or combination

Sert

Seat Jdjusttrs broken
Folding locks broken
Trrckhnchors  broken
Deformed by ~cupa?t
Defamed  by mtruslon
Other or cmbination

No daqt
Sert Jd3usters  broken
Folding locks broken
Track/anchors broken
Deformed by occupant
Deformed by intrusion
Other or combinrtion

No damage
seat ..JdJuSterS broken
Foldrrig locks broken
TrJcWJnchors  broken
Deformed by occupant
Deformed by intrusion
Other or COStbinJtiOn
MOLT
Total

No damage
Stat adJusters  broken
Folding locks broken
Track/anchors broken
Deformed by occupant
Deformed by intrusion
Other or combination
&&JlOVll
Total

3,‘;;

37

1:;

A8

672
10
4
3

2 : :

i$!

‘E
40
12

126
5

d

Ptrcent
of

Weighted Damaged

+bt%-
‘539 4%

5,040
165 ‘2

?Ei
i:ao9

:R

Ti!$bm

1,184,634
3,347

743::
‘5 if92

:‘9:
15%
42%

10: 754
13%

a%!8 I im

‘“;,f:;
‘465
a79

1;

5,738
76,649 9:;
2,124

35kEhm

29: ,;gBE)

1’136
2:029

ii:
10%

1,300
13,821 7::
2,498

&%i 1062

14;,;;;

1;:;;:
11%
14%

- 41 -



Table 39: Stat PtrfO~n~t  and injury  Stverit in Ro~lovtrs
~~990  Rg,S Frond-~~boJrd  Stats  Of ~ns~t~~e d Toved  Cars)

Seat

~
Ho StJt dunage
No Stat  baawit

~~~ntn~ broktn
~~~ntnt  broken
opponent broktn
~
eminent  broktn

~efo~td by truant
*’ ~f#~ed b y  occu~n~

Dtfo~ed by truant

~fo~td  by intrusion
Deformed by intrusion
~fo~td  by ~n~~s~on
~tfo~ed bv ~
Defo~t~  by intrusion

Other or ~~binJ~~~n
Othtr o r  ~WbinJ~ion

l Other or so~bina~ion. I
Pthcr  or ~
Other or c~binJ~i0~

~ninjurtd
AIS I
AIS 2

~

aced

AIS 2
13s 3-6
Total

~ninjurtd
AIS 1
MS 2
AIS 3-6
Total

Injurtd
liIs

16%

27%

35%

57%

TJblt 40: Stat Perfo~anct  and Injury Severity  in Frontal Impacts
~~990  R.&S Front-~tboJrd Seats of ~nspecttd Towed Cars)

Seat

~
No SeJt  dJfr&t
No seat dJmJgt
PO seat  dams
NO stat  damage

~~~~tnt  broken
~#pontn~ broken
opponent  broktn
~,
~~~~ent  broktn

~fo~ed  by ~~u~n~
Dtfomed by ~~upan~

l G� �

a�
~

Other or ~~bination
Other cr c~bina~io~
O:kr o r  co=b~na?i~n

Other or &oE~inat~on

Injury
Ss: e It-+
~n~n~~red
MS 1
MS 2
&IS 3-b
Total

~ninjurtd
AIS 1
ars 2
AIS 3-6
Total

~n~jured
AIS 1
&IS 2

~

uninjured
AIS I
AIS 2
AD 3-6
Total

~njurtd
AIS

10%

32%

34%

61%
II
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Table 41: Seat Performance and Injury Severity in Near-Side Impacts
(1990 N6SS Pront-Cutboard  Seats of Inspected Toved Cars)

.

Seat

No seat damage
No seat damage
No seat damage

No seat damage

Component broken
Component broken
Component broken

Deformed by occupant
Deformed by occupant
Deformed by occupant

Deformed by intrusion

Deformed by intrusion

Other or combination
Other or combination
Other or combination
Qther or combw
Other or combination

Injury

i-2$%
AIS 1
AIS 2
US 3-b
Total

Unin’ured
AIS 1
AIS 2
AS 3-o
Total

Uninjured
AIS 1
AIS 2
hls 3-o
Total

Uninjured
AIS 1
AIS 2
AIS  3-b
Total

Uninjured
AIS I
AIS 2
KS 3-o
Total

Actual Ueighted

3% +!%3
351 119:114

87. 16,520

2 &!i

168
1,240

990

I+3

13
6
I
27

fI

t-f:

0
5

ii

9,146
42,607

8,041

+g%

91:
339

Injured
AIS

8%

43x

43%

32%

Table 42: Seat Performance and Injury Severity in Far-Side Impacts
(1990 NASS  Front-Outboard Seats of Inspected Toved Cars)

Seat
w

:-

No seat damage
No seat damage
No seat damage
Na
No seat damage

Component broken
Component broken
Component broken
Combonent
Component broken

Deformed by occupant
Deformed by occupant
Deformed bv occuoant

Deformed by occupant Total

Deformed by fnhsion
Deformed by jntrusjon
Deforme? by ytruqon
w.=n-e,  3 4ilLdul-..

a’ Defirmed  bi intrusion

Other or combjnatjon
Otter or conbxatlon
Other or combination
Qther or cozbinaticq
Other or combination

Injury
& erltv
Unrnjured
AIS 1
AIS 2
tis J-6
Total

Uninjured
AIS 1
AIS 2
AU 3-6
Total

Uninjured
AIS 1
AIS 2
AU 3-6

Uninjured
AIS 1
AIS 2

Total

Uninjured
AIS 1
AIS 2
~7s 3-6
Total

1,904
1,549

326

a-!s

1.08:

iii.

3,127
6,630
1,202

Aw
13,821

1,204
670
403

Injured
A:5 2+

8%

18X

17%

-29%
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Table 43: Seat Perfo~ance  and Injury Severity in Rear Impacts
~199D  NGS Front-~tboard  Seats Of ~ns~cted  Towed  Cars)

Seat

No seat damage
No seat damage
No seat damage
ilo seat tiafw
No seat damage

C~~onent  broken
C~ponent  broken
C~~onent  broken

C~ponent  broken

Defo~ed by #cu~nt
~fo~ed  by ~cupans
Deformed bv ~cu~nt
~
Deformed by ~cu~nt

Defo~ed by intrusion
Defo~ed by ~nt~sion
Defo~ed by intrusion

Defo~ed by intrusion

Other or c~b~nat~dn

Other or c~bination

Injury

~
Ars 1
AIS 2

~

Uninjured
AIS 1
AIS 2
As 3-6
Total

Uninjured
AIS 1
AIS 2
A= 3-6
Total

Uninjured
AIS 1
AIS 2
AIS 3-6
Total

Uninjured
AIS 1
AIS 2
AIS 3-6
Total

weighted

~
60)13

5,141

~8

6,359
14,786

766

22yH

12,262
41,486

2,619

~1

0
JO3

4

47f
~,40~

433

&iI

~

4X

4x

52

The risk of moderate injury differed try vehicle impact type and seat
~~rforman~e~ as s~arized  here from the data in Tables 39 to 43.

~ollovgr
Front
Near-side
Far-side
Rear

Moderate Iniurv Rate
No Seat ~~mpQnent ~~f~~ed  bv :

.Da!D Brcrken ~~~*~ intrusion
15 p e r c e n t  2 7  p e r c e n t  3 5  p e r c e n t  57 p e r c e n t
10 p e r c e n t  3 2  p e r c e n t  3 4  p e r c e n t  67 p e r c e n t
8  percent  43  percent  43  percent  32  percent
8 percent 18 percent 17 percent 28 percent
4 percent 4 .percent 5 percent few data

The higher injury rate in damaged seats s~gggsts that seat perf~~an~e  may be
useful  as  a  s tat is t i ca l  contro l  for  crash  savar~ty ( in  analya~ng other
crashworthiness  i ssues ) ,  but  that  i t  may be  difficult  to  contro l  statistically
for crash s~varity  to isolate the effect of  seat damage on injury.

With  additional  years  o f  deta i l ed  NASS seat  perf~~an~e  data ,  i t  wi l l  be
possible to compare ~nj~~y.~~ns~~*an~~s  by seat damage type. The small number
of cases currently available with these details on the a~t~~at~d fi le l imit
the c~mpar~s~ns  that can be made. There were only 29 cases investigated  in
1990 t h a t  met  t h e  following c r i t e r i a : cars I;it’n n~nr~ll~ve~,fr~ntal  damage and
two front-~~t~~ard  occupants (both a driver and right-front  pass~ng~r~~  with
the same belt use status for troth ~~~~~ants (both were belted or neither was
be l ted ) , and with one of these seats undamaged  and the other with a single
dzage ty”,e (that i s , t;ith broken seat hardrare,  deformation  from ~~c~~a~t
irpact 1 o r  intrusion-induced  deformation  - - ~x~l~din~ damage from multiple or
uxpzcified  causes ) . The data for these cases are s~~ariz~d  in Table 44.
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Table 44: Seat Performance and Injury Severity in ?rontal  Impacts
vith Either Tvo Belted  cr Tvo Unbelted Front-Outboard  Passengers

and Exactly One of these Two Seats Damaged
(1990 NASS  Inspected Toved Cars)

NMS Case

9C- l- 5.!
90- 2- 99-1
90-44-122-2
90-72-145-2
90-74-198-l
90-go- 36-2

90-!O- 23-1
90-42- 28-2
90-78-191-l

Damage
to Sert

priver Pass- v i t h Case
DV Belt Seat Treat- Sert . Treat- Worst Ratio

WI usid AuRaluLAxsncnt  tasDamaneblSocnt  Iniurv lisiu

- No
24 Yes !ii

- Yes 29

23 E: 3718
28 Yes 71

- No
- No :i
- Yes 74

None*
None
None
None+
None*
Bent

Bent
None
None*

4 E’ 40 17 Bent* Bent
2 Hosp 0 Bent*

3 ;g;’ 17 5 Bent Bent*
2 Hosp 69 None

2 TM 21 None*
3 Hosp 70 Bent*
3 Hosp 74 Bent

2 Hosp None 437.12
1 Disease None 174.93
2 ThR None 270.57
: If::: Ii::: 29.34

3 Hosp None %:E

1 T6R Bent 139.67
I Fatal Bent 11.12
7 Fatal Bent 79.42

Ueighted Nmber
for Subgroup of
Serf Damage and
lolU~ Qutcomc

1,061 82 x

230 18 X

90. 4-107-l - No 22 Broken 2 T6R 18 None 3 Hosp None 19.86
90.75- 2 - l - No 26 None 2 ThR 26 Broken+ 1 T&R None 43.00
90.75-  4 - 1 - No 25 None 2 Hosp 27 Broken+ 1 ThR None 128.99 192 11 2

90. l- 14-2 18 h’o 19 None 1 ThR 16 Broken* 2 Hosp Broken 580.84
90- L- 23-2 41 No 42 None 3 Hosp 36 Broken S Fatal Broken 46.87
90-12- 7 - l 44 No 17 Broken 3’ * Hosp 17 None 2 Hosp 41.65
90.4c-  11-1 28 No 16 Broken 4 Has;, 15 None 2 Hosp

2%::
223.65

90.45- 54-l -1: LJ 26 None 1 T&R 36 Broken* 2 Hosp 92.54
90-45-115-I 28 Norse 1 TM 23 Broken* 2 Hosp

ix::
97.26

90.73- 26-1 22 No 17 Broken* 2 T6R 17 None 1 ThR Broken 126.64
90-7b- 79-l - No 27 None 1 None 2 TiR Broken 124.96
90-76-103-2 30 Yes 29 Broken* 3 Hosp

:; ;;m;n*
7 ThR Broken 148.43 1,483 89 2

90-13- 95-l 21 No 35 Intrude 1 T&R 28 None 2 Hosp None 129.23 129 31 f

90- 4- 5-2 - No 48 Intrude 2 Hosp 48 None 2 ThR Intrude 74.43
90. 7-110-l 20 No 25 Intrude* 2 Hosp 20 None 1 Unknovn Intrude 52.31
90-51. 21-2 27 Yes 17 Intrude 3 Hosp 15’ None 1 T6R Intrude 119.70
9C-7:-144-2 - No 33 Ncne 4 Hosp 48 Intrude+ 3 Fatal Intrude 18.01
90.77- 76-l - No 23 None 1 ThR 25 Intrude 2 Hosp Intrude 24.97 289 69 f

SC- l-129-1 54 Yes 27 None* 3 Fatal 5 Intrude 6 Pats1 Unclear 134.40
53-j:- 63-2 29 No 51 Intrude 3 Hosp 69 None 3 Hosp Unclear 278.91 413 -

Treatment: Fatal = Died as outcome of crash
Disease = Died from other cause
Hosp = Hospitalized
ThR = Treated and released
None = No treatmnt

, Unknovn = Treatment unknovn
l indicates an occupant seated behind

Seat Damage: Bent = Deformed by occupant impact
Broken - Damaged seat hardvare
Intrude - Deformed by intrusion
None = Undamaged

I n j u r y :  I AIS 7 - Injured, severity unknown
/ ._
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The available data suggest  that the relationship between seat damage and ‘
occupant injury may depend on the type of seat damage: m

When one seat was defo~ed by occupant loading  and the other was
~dama~ed, the more severe injury occurfed in the ~damaged Seat
in an istimated  82 percent of these crashes;

When one seat had broken seat hardware and the other was
~damaged t the more severe injury occurred in the damaged Seat in
89 percent of these crashes;

Wfien one seat was defo~ed by intrusion into the passenger
compartment  and the other was ~damaged, the more severe injury
occurred in the damaged seat in 69 percent of these crashes, . _

compared  to the experience in ~damaged seats, occupant-indexed dgfo~ation
(by any occupant -- not necessarily the occupant in that seat) was associated
with lower injury severity, but seat breaking and intrusion-induced
defo~at~on  were associated with more-severe injury in frontal impacts. There
were too few data for a similar comparison  for rear impacts, and the
experiences in frontal and rear impacts may be quite different. This type of ‘
comparison (a variant of the matched-pairs comparison in Table 351 does not
seem to be’s useful method for exploring  seat damage in side and rollover
crashes V where the two occupants would experience very different crash forces.

There may also be important differences between the driver and right-
front passenger experiences even in frontal and rear impacts that limit the
validity of the comparison described by Table 44. For example, the seat
design t specific damage location, structures surrounding the occupants
occupant characterist~cs~ and rear-seat occupancy may differ to some extent.
Table 44 shows that if one front-outboard  seat was deformed by occupant
loading and the other was ~ndamaged~ the right-front passenger seat was
usually the one defo~ed~ there was often a rear-seat occupant directly behind
that seat, and the driver was usually the o~c~pa~t  who was more-serio~s~~
injured. As a result, it is not clear how well the differences in observed
injury risk reflect the effect of seat damage  on injury and to what extent
seat damage reflect ~o~fo~ding factors and the effects of forces that cause
both damage and injury.

- 45 -



FILE

RESEARCH PLAN ?OR

SEATING BYBTRNB

Prepared by:

The National Highway Traffic Safety
Administration

September 1992

,. .-





.( -.. .
. .-

. ?

l

Safety belt loads,  including those induced by pntensiuning
Occupant chest, head, neck and pelvic loads, displacement and acceleration
Occupant kinematics versus seat height and head restraint position

In mtieling the seat andhurage  loading  and seat displacements,
at a minimum the following load  sources shall be considered:

Seat Inertia
Anti-submarining seat reaction (uccupant  loading)
Occupant seat back and bead Fstmint luading during rearward seat luading
Knee loading from  restrained and umesWned  rear seat occupants
bwer anchurage(s)  fur seat mounted lap belt
Upper anchorage fur seat muumed  shoulder belt
Rigid and nonrigid floor support  fur the seating system #

Staticaaddynamictestsshallbeconductedto~themagnitudeufeachuftheloPd
sources. Tulccomplishthisastatictestrig,aslsdbuckrradatestsertshPllbedesigmd
andconstructed. Thcseshallaccommudatethemeasunzmentofforcestransmittedt0thcseat
mchurage, scat back and head restraint and the measurement of resulting deformations.

Two seats shall be selected fur model validaticm: a baseline seat and an &qrated seat.
Physical measurements shall be made and static and dynamic tests of the two seats and their
components shall be made tu evaluate their mechanical ud damping prqcrties. Tbe
physical measurements will include dimensions, centers of gravity, and mass muments  of
inertia of major scat, bead rustmint,  and back cumpcments.  In order tu cunduct  the static
tests,attstrigshallbeconstruaedw~chwillpermittbeapplicrtionaf~totbeseat,
head restraint, and seat back, and provide fur the measurement uf the resulting defurmatiuns
and reactions at anchorage and hinge points. Static luad testing shall be conducted which
simulate luading suurces in additiun  to the seat inertia, e.g., uccqant  luads,  belt anchurage
Iuads.

Usingthensultsuf~statictests,aninstrumemedsegtladsisdbuckfor~c~g
shall be made. Buth frontal  and w car crash sled simulatiuns  &all be cunducted  employing
the5PpercentileHybridxlIdummy.  Thesesledtestsshallinvestigrtetbesa!kmding,luad
pathswithinthescat,beltaac~loads,d~~luading.  Thefimtalcrash
testsericsshall masure  the in@ence of anti-submariningseotpmamfigumtiunsandbelt
arEburagelocrtioasuntbeaa!.  TIlHearimpactttdtSshall-the-ufseat
backstiffWsutdsertkckaqyabsurptiununsatlu&.  MdiWalreuiqactakd
tcstssbaIlbc- tucvahuuetheinfluenceufheadrestnint&aignsuQdummyneck
rrspoases. / .-
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A ~te~~~ review on seat&g sy~em models will be an early ~~u~~ If nu ~~~~~ mudeis
are fuund,  and nu sui~bl~ models are made av~le by ~~~~~ tu the request fur
chants from the pubs& ~g ~~ uf Standard No. 201, the fume ef%rt will
be ~pl~rn~nt~.
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perform this additional work  the results would be used to validate the model  for higher
speeds and a range  of dummy occupant sizes. Further efforts may also be expended tu
correct the Seat representation as required to achieve agreement behveen  the mudel and the
validation conditions.

-t.

.

;
-&

The results will be documented in a fina report, and demonstrated tu NHTSA persunnel,
using the VAX computer. 4a

REALWORLD  COLLISION  DATA ANALYSES-

There  were 1,156 damaged car seats (among occupied fruntuutbuard  seats) rcpurted  in the
1990 NASS data. These were the only automated data available that distinguished seat
bending from seat breaking when the report  “Seat Damage and Occupant Injury in Passenger
Car Tuwaway  Crashes” was recently prepared by Susan C. Partyka. The complete 1991
NASS data, which are now available, approximately duubles  the data base readily available
for a statistical analysis. The data analysis will nuw be performed employing the enlarged
automated data base. A special effort will be made to distinguish seat bending influenoe  on
occupant injury from tbat of seat bmaking  using this data source  which provides such .

identification within the damaged seat category.

PROGRAM  OUTPUTS

Collision Data Report Approximately three  months

Final Report Approximately one year
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INTRODUCTION

This report summarizes the interim results  of a research  project  entitled, “U&q&e  Seat

and Occupant Protection Systems”. The research  examines opportunities  for reducing
highway casualties through improvements  in air bags, belt systems, interior  padding, seating
systems, and pre-crash sensing. The focus of this report is on seating systems. The report
provides a summary of the search of the literature,  patents,  and regulations related to
seating.  In addition, recent  accident data analyses related to seat performance were
reviewed,  and the results summarized. A total of 45 NASS cases were reviewed to evaluate
seat performance in real crashes.  The results  are included in this report. Finally, recent
trends in seat design are reported.

A recent trend in seat design is the incorporation  of the safety  belt anchorages  on the seat
structure.  In many new cars, the anchorage for the lap belt buckle is on the seat structure.
Some have both lower belt anchorages attached  to the seat. Seat manufacturers  are now
developing designs for all three anchorages to be fastened  to the seat. These changes,  which
integrate the seat and restraint  system, are anticipated  to have a very positive effect  on
restraint comfort, use rate, and safety.

SEATING  SYSTEMS  LITERATURE  AND PATENTS

Historical  Perspective of the Integrated Seat Concept

Today,  the vehicle seat is generally recognized as a fundamental  portion  of the total
occupant  crash protection  system. However, the design of belt restraint systems and seating
systems have largely progressed independently.  In recent years,  numerous  technological
innovations have been incorporated  into production  seats and restraint systems to improve
the combined performance.

Our search of patents and literature indicates  that many of the currently emerging
concepts and innovations were thought of long ago by engineers and inventors. It is still
constructive to examine some of these creative ideas in the light of today’s understanding  of
biomechanics, the accident environment,  and available technology.

The concept of an integrated  seat and restraint  system has been around as long as the
automobile.  In early  automobiles, the principal function of lap belts was to keep the
occupants from being ejected from their vehicles when driving on bumpy roads. In 1903,

ws 008
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Levau of France patented an integrated  seat with a lap belt and two shoulder  belts. The
upper anchorages  for the shoulder belts were attached to the seat back. The belts were
routed diagonally  across  the chest, forming an “X”. A sketch is shown in Figure  1 (Levau
1903).

In 1967, this integrated seat-belt  concept was incorporated by Republic  Aviation Div.,
Fairchild-Hiller  Corp. in the New York Safety  Sedan. This vehicle was only a “paper”
concept car. Figure  2 shows the design. However, during the same period, General Motors,
Ford, and Chrysler all showed seat-integrated  restraints  in their concept cars named “Astro
l”, “Techna”, and “300x”, respectively.

In his 1969 paper, Snyder offers  the following comments regarding  passenger  seats which
integrate the “x” type shoulder belt system:

TIze  seat integrated system would allow nearly correct belt angles and optimum
placement for all occupants, since the system would be independent of seat movement,
and limitations of various package designs. The unsightly gaggle of straps would
disappear, and with improved lateral fraring ‘in bucket seating, greater side impact

protection could be provided. Balanced against this, however, are new problems. Such
seats must be constructed to contain inertia reels, retractors, or other devices, yet be built
strong enough to protect against 40 G loads. Because the shoulder harness would retract
into the seat back above the shoulder level, the higher CG, combined with possible
rear-passenger loading, during forward impact would require considerable structural
strengthening of presently available seats. Even with modem materials, so that weight Ij

no longer a problem, it has been estimated that such seats might add considerably to car

cost. . . . . Nevertheless, it seems probable that this is one direction in which restraints will

evolve.”

Some of the earliest automotive safety  research sponsored  by the federal  government  was
directed to improve seating systems. An early program at UCLA, sponsored  by the Public
Health Service, was summarized by Severy, et al. in a 110 page SAE paper,  “Backrest and

Head Restraint Des&l  for Rear-CollZon  Protection”, SAE 680079.  The conclusions  of this
paper are included in Appendix A. The authors conclude that elastic rebound from seat
backs increases the chance of multiple impact injuries. However, they conclude that
increasing the seat rigidity reduces rebound. They postulate  that rebound  energy comes
principally from the elastic deformation  of the seatback  metal frame. The implication that
there is the need for a stiff frame with  energy absorption  built into the padding and springs.

Severy applied his experience from the UCLA program to design an integrated seat for
t?v 009
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- Integrated full body restraint system conceived and
patented by Leveau of France in 1903

Figure 1

- Final version of New York safety  sedan desqn
by Republic Avlatlon  Div., Fairchild-Hiller Corp.

Figure 2
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the Liberty  Mutual  Safety Car. The resulting design was constructed  and crash tested. The
design was a capsule seat with integrated  double shoulder  belt and lap belt restraints,  a head
restraint,  and side wings for side impact protection.  The seat was mounted on a pedestal
base, which was designed to flex at the floor pan, thereby  mitigating impact energy.  The
design is shown in an SAE paper (Sever-y  67). A sketch of the design is shown in Figure 3.

Later studies,  funded by the Federal Highway  Administration,  were awarded  to Cornell
Aeronautical Laboratory and HSRI.  The final report, “Integrated  Seat and Occupant
Restraint System Performance”, was published in 1967. These  studies  examined modeling,
injury criteria, and cost benefits analysis for integrated seat concepts. Recommendations
were made for elaborate follow-on research. In follow-on research,  HSRI designed an
integrated safety  seat which employed two shoulder belts and a lap belt which formed an “A”
configuration. In this design, the single upper anchorage was attached to the roof.  The
HSRI design is described by Melvin (72),  and is shown in Figure  4.

The HSRI seat was further developed and tested in a NHTSA research program to
develop a deployable  head restraint.  The results of this research  are reported by Melvin
(72) and Hilyard (73). The anchors demonstrated effective  protection in severe rear-end
collisions at vehicle-to-vehicle closing speeds of 80 mph with 40 G peak crush structures.
Both deployable  and non-deployable  head restraints  were designed and tested.  The authors
stressed the importance  of matching head restraints  and seat back structure.  They also
found benefits  in minimizing elastic energy  storage in the seatback by utilizing a basically
rigid, load carrying  seat structure.

Rear impact tests with dummies and cadavers were reported by Hu (78 and SO). In these
NHTSA sponsored  programs, sixteen dummy and nine cadaver tests were documented.
The cadaver  tests were at a delta v of 16 to 17 mph. Five tests incorporated deflecting
seatbacks  and six had rigid seatbacks. Neck fractures  of AIS 3 level were observed on all
but two specimens, the remaining were uninjured. The differences in the specimens and test
variables for the cadaver tests were such that insufficient  data was developed  to draw
conclusions  on the relative risk of neck injury for deflecting versus rigid seats.

Patents  of Interest

A search of patents suggests several concepts which may have application  to improved
seating design. Although many of the patents  are not practical, the ideas and objectives  are
often interesting, and consequently, may form a basis for practical safety  systems.  Selected
patents will  be summarized in the sections  to follow.

I 011
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- Liberty Mutual capsule seat design incorporated
an integrated harness, seat support and side flaring to pco-
cect agamst side collusions

Figure 3

(a )  With Upho ls te ry

Figure 4

5

( b )  Seat  F r a m e

. THE hSRI INTEGRATED SAFElY  SEAT (ISS)
- . -\
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A number of inventors have suggested seats designed so that the front of the seat tilts and
rotates upward during a crash. An active design, circa 1964,  is shown in Figure  13. A variety
of active and passive designs are shown in Figure 14. The most recent entry is by
Topsource,  which claims to have sold their tilting seat design to Chrysler  for a future
production  vehicle.  The postulated  benefit of the titling seat is to reduce submarining.

ka 013
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The Cox Company, in England, was  active in the early 60’s in designing safety  seats.
Babbs (63), and Hilton (66) describe their research  seats.  Their 1963 design incorporates  an
integrated four point belt system. The design is shown in Figure 5.

In 1957,  Pinkel and Rosenberg  of NACA (now NASA) Lewis Research Center,  proposed
an energy absorbing pedestal  for the seat mounting element. Crash energy is absorbed by
plastic deformation  of corrugated  cylinders which make up the base. The seat includes an
integrated belt restraint system. The plastic deformation  in a rear crash is shown in Figure 6
(Pinke157).

A number of patents deal with air bags, rather than or in addition to belts integrated  into
seats.

Nate Pulling of Liberty Mutual, in 1975,  patented air bag restraints  integrated  into a
capsule seat. The air bags deployed from each side and restrained  the abdomen/pelvic  area
to the seat. The patent is summarized in Figure  7.

Surace of Alfa Romeo patented an inflatable head protector,  which is shown in Figure 8.
A seatback integrated air bag for side impact protection  is shown in Figure  9. For rear
protection,  Daimler Benz has patented an air bag which deploys from the head restraint as
shown in Figure  10.

Patents also exist  for air bags which deploy  from the seatback  and protect rear seat
occupants. Indeed,  NHTSA’s  early air bag research  envisioned air bag protection  for both
front and rear occupants. In January  1992,  Allen Breed, speaking before the Automotive
News Congress,  predicted  rear seat air bags as the next significant  safety  feature in luxury
cars. Possibly, the Bertrand patent,  sketched in Figure  11, is within the realm of possibility.

A Daimler Benz patent for seats with  internal air pressure  is described in Figure  12. This
patent is primarily oriented  to comfort,  however,  it may also have applications in the
control of injury from impact and rebound.
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- THE COX SAFER SEAT (1963)

Figure 5

Sxpcriracntal  P~plcx S e a t :  Impact  F r o m  Rear

Figure 6
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Figure 12
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Seat Design
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elastic  belting,
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Type SF
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All belt anchorage points
move with the seat
- optimum belt geometry in

all seat positions

Automatic height adjustment
of head restraint and seat
belt outlet
- eliminates incorrect
adjustment

Clamping device at belt
outlet
- reduces occupant forward
displacement

Defined energy absorption
- minimizes occupant load

High-strenght frame structure
- improves protection in side

impacts and rear end
collisions

Seat shell with integrated
ramp
- prevents llsubmariningll

SBS safety features

Figure 16
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At the 1991 ESV Conference,  Renault  contributed  a summary of their recent research  on
a seat with an integral belt restraint  (Foret-Bruno,  1991).  In this paper, the authors desire
to strengthen  the seat for an integrated  restraint  without increasing the risk of cervical injury
in rear impacts. A previous Renault Paper (Thomas 1982) had postulated  that seat
breakage was more effective  than a head restraint.  In the 1982 paper, the head restraint
effectiveness  was found to be less  than 10%. In the 1991 paper,  the effectiveness was found
to be 33%. The effectiveness  was found to increase as seats became stronger  and broke at
higher forces.  Based on testing with dummies and one cadaver, the authors recommended
head rest specifications.  They state that the head rest, when placed against the back of the
head, should withstand the following: longitudinal force of 187 lbs; vertical force of 56 lbs.;
torque of 620 in-lb.  The authors state that better  overall  protection  should result from the
integrated seat.

There are, however,  other means for designing seats for controlling submarining. Seats
with contoured  stiffness to resist forward pelvic motion have been advertised by VW and
Volvo for a number of years.  A 1979 paper by Adomeit  shows the concept, as does Figure
15.

Recent Developments

In recent years,  research  has rediscovered the integrated seat. Daimler  Benz and BMW
both offer integrated seats in production  cars. In the case of Mercedes  Benz, the integrated
seat solves unfavorable  belt geometry  problems which exist  in a convertible.

The BMW seat is described in a paper by Haberl(89).  The design and features  are
summarized in Figure  16. Test results produced  dramatic  injury reductions, ranging from
25% to 57% in HIC, Chest G’s, and shoulder belt loads, when compared to baseline 50 kph
tests. Test results are reported for a 50% and a 95% dummy. A particularly  interesting
feature of the seat design is the force limiting feature,  which is reported to be accomplished
by deformation  of the seat back at high belt loads.

Several recent papers from Collision Safety  Engineering,  Inc. provide useful data,
references,  and technical arguments  for the status quo. Strother (87) provides a summary of
seat performance in rear impact tests. The resulting tables are reproduced in Appendix  B.
Warner (91) presents  data on the static tests of seats for cars ranging from model year 1964
through 1988.  This data is also included in Appendix  B. Strother (91) presents  an analysis
of field accident studies  and sled tests to show that injuries addressed  by stiffening  the
seatback  are a minimal portion of the total injuries. These three papers provide well
articulated,  legal defense positions  for not increasing seatback  stiffness.  They argue that
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increasing seatback  stiffness  would increase injury exposure due to ramping, rebound,
out-of-position  occupants, flailing of lower extremities, and non-contact  injuries.

At the February,  1992,  SAE Annual Meeting, four automotive  seat manufacturers
displayed  integrated seat concepts. These  concept seats are shown in Figures 17 through 20.
Figure  17 is the integrated  seat by Bertrand  Fauer.  This company also produces  the
integrated seat now in use by BMW. Representatives stated that in Europe, all
manufacturers are moving to place both lower belt anchorages  on the seat. The next logical
step is the integrated seat. Figure 18 is the seat shown by Johnson Controls. Technical data
indicated its weight  at 42.6 lbs. It is designed for a 3200  lb upper belt load. Seats by Lear
and by Douglas & Lomason Company are shown in Figures 19 and 20. No technical data
was available for these integrated  seats.

Summary

It is evident from the history of seating designed to improve safety  that very creative ideas
have been considered. The focus on the air bag and passive restraints  during the 70’s and
80’s may have delayed  the implementation  of the early  ideas for seating design. However, it
now appears that several technologies are about to emerge. First, the integration  of the
lower inboard anchorage  point with  the seat is becoming a standard practice. Second,  the
lower outboard anchorage  point is also being located on the seat in newer cars. Third, the
upper anchorage  point is being integrated  into the seat and/or head rest on some Mercedes’
and BMW’s  Renault indicates that it is doing research  to follow this European lead.
Fourth,  rear seat air bags are being developed by Breed. These  bags would most likely
deploy from the back of the front seat. Finally, automotive  seat manufacturers  are actively
developing integrated  seats as new products.

The last three items in the above list which are being developed  will  require stronger
seats. Data from Warner shows that seat strength has not changed significantly in the past
20 years.  The concerns of neck loading, ramping, out-of-position occupants, limb flailing,
and rebound will  have to be addressed  for these stronger  seats.  The neck problems will
demand adequate head restraints. The rebound problems appear to be associated with the
storage  and release of excessive elastic energy in the seat and inadequate performance of
existing belt systems.

The rebound problem need not be addressed in terms of existing belt restraint,  but rather
in terms of an integrated belt restraint.  If the seat is to be strengthened,  an integrated
restraint should be part of the equation. For an integrated seat and restraint system, the
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optimum loading for both the occupant and the seat back is likely to be a symmetric belt
system such as that suggested in 1903 by Levau (see Figure 1). However, even the
conventional three point system could be greatly improved. Many  innovations of the
integrated  belt system, such as force limiting, automatic  size  adjustment,  reduced  slack, and
improved fit (all reported by BMW),  are already available.  Some of these innovations
would also improve belt performance in rollover.

A number of exciting technical possibilities exist  for improving occupant  safety  in all crash
modes by seat/restraint design. It is suggested that continued experimental  research  to
evaluate improved seat/restraint designs and to assess potential  benefits  is worthwhile.
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ACCIDENT ANALYSIS

In February 1990,  Malliaris  (Data Link) produced  a report for NHTSA, “Current Issues of

Occupant Protection in Car Rear Impacts”. The report provides an analysis of FARS, NASS,
and Polk data up to 1986,  relative to rear impact.

The car exposure and casualties for rear impacts,  as a percentage of all events for the
combined years 1981-1986  are shown in Figure  21. The figure  shows that rear impacts
constitute  approximately  11% of all NASS reported car crashes,  but involve only 5% of the
fatalities. Among occupants involved in crashes,  12% are in rear crashes,  but 23% of those
injured are in rear crashes.  However, occupants with serious injuries  in rear crashes
constitute  only  7.6% and 3.5% of all serious and fatal injuries, respectively.

It is evident from these figures  that rear impacts cause a disproportionate number of
minor injuries.  However, only  a very small fraction of serious  and fatal injuries  occur in rear
impacts.

In spite of the small numbers, it is desirable to further reduce rear impact casualties
where practicable.  In order to examine the sources of rear impact injuries, the concept of
Harm is useful.  Malliaris  evaluated the distribution of Harm in rear impacts according to
injury source. He further separated occupants by restraint use. Figure 22 shows the Harm
to restrained occupants; around 20% of the Harm is from unknown sources,  illustrating the
difficulty in assigning causes  of injuries, and noncontact  injuries are the cause of another
25% of the Harm.  Among contact injuries, the head restraint is the largest source of Harm
(17%), closely followed by frontal parts of the car (16%).

The 16% of the Harm caused by frontal elements, such as steering wheels,  dashboards,
and windshields,  may be partially explained  by multiple impacts, including those producing
frontal  deceleration.  However, Malliaris  also examined the first and second most severe
injuries to all occupants involved in single event rear impact crashes.  He found that 13% of
the most severe injury and 30% of the second most severe injury were from frontal
components  in the car. The cause of these injuries cannot be determined from the data
presented.  Potential  causes  of injuries from frontal components  could be:

1. Subsequent  non-impact decelerations  (a rear impact accelerates  a vehicle forward,
and a resulting rearward  acceleration  is inevitable)

2. Energy  released from elastic deformation  of the seat
3. Flailing  of the upper and lower extremities as the occupant  moves rearward
4. Vertical acceleration  components  which may throw the occupant upward into the

steering  system
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In subsequent  discussions, all of these factors  will  be referred to as “rebound”. Further
research  will  be required  to quantify  the extent and presence  of the different  components
which constitute the rebound phenomena,  as defined above.

The side interior  is the third largest source of contact Harm to restrained occupants in
rear crashes. These  components  constitute 13% of the Harm. Improvement in the restraint
capability offered by the seat is a possible countermeasure.  Improved  interior  padding may
also contribute  to the reduction of this category of injury causation.

The seat back is assigned  5% of the Harm. This appears to be a relatively  small amount
in view of virtually  assured contact with the seat back in a rear collision. However, the
contact  injuries  with the seat back do not necessarily  reflect the performance of the seat as
an occupant  restraint/protection  system. Deflection  of the seat back could permit the
occupant  to ramp up the back, exposing him to impact with the roof or a hard structure  in
the rear of the car. The performance  of seats will  be discussed later in the section on
Investigation of Hard Copy Cases.

Among other sources of injury,  the roof was  the largest at 3.6%. Rear components  were
assigned only 0.1% of the Harm. Based on these distributions,  impacts with rear
components  caused negligible Harm in 197946 NASS cases for restrained occupants.
Contacts  with the roof produce a relatively  small amount  of Harm,  when compared with
front and side components  in the vehicle.

Malliaris  did not separate contact Harm by body region.  However, he did examine the
Harm caused by noncontact  injuries. The result is shown in Figure  23. He found that 82%
of the noncontact  Harm was to the neck. This data suggests that at least 20% of all rear
impact Harm to restrained  occupants is to the neck. In his 1985 SAE paper, Malliaris  found
that for all occupants and all crash directions,  about 9% of Harm is to the neck. This
difference  suggests  the need for continued improvements  in neck injury protection  in rear
impacts. The presence  of head restraints  as the largest source of contact Harm and the
large fraction of neck noncontnct Harm, suggest that there are opportunities  in head
restraint design which will produce additional head/neck  protection.

INVESTlGATION  OF HARD COPY CASES

In order to further evaluate how injuries occur in rear crashes,  hard copy cases from the
NASS 1988-90  files  were reviewed.  The purpose of the review was as follows:
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l To evaluate the contribution  of seat back deformation  in producing injuries.
l To evaluate the injuries to front seat occupants produced  by the seat’s locks, latches,

and tracks
l To evaluate the presence of injuries resulting from the occupant ramping up a seat

back which is deflected rearward
l To evaluate the presence of injuries resulting from rebound from the seat
l To evaluate  the injuries to rear seat occupants produced  by the seat’s rearward

deflection
l To record vehicle make, model, and Av; to document  injury severity,  body region,

and source for all occupants; to classify  injury by direct or indirect; to sketch accident
diagram and extent of seat permanent deformation;  to record seat failures and the
extent of aft intrusion

Three sets of cases were reviewed.  Initially,  eighteen cases with rear Av in the 30-39  mph
range were reviewed.  A second set of cases involved 31 cases selected for AIS 2+ injuries
or seat deformation.  The third set involved six selected frontal  cases with seat deformation.

The case summaries for the eighteen 30-39  mph rear impacts are included in Appendix
C, and relevant  data for the front seat occupants in these cases is summarized  in Table 1. A
separate section will deal with  rear seat occupants.

Eighteen 30 - 39 mph  Av Cases of Rear Impacts - NASS 1988 - 90

This review encompasses all cases in 1958-90  NASS with rear Av 30 -39 MPH. Although
a small number of cases are present,  all the events in the selected severity  range are
included. However, the unweighted NASS data are only  anecdotal  evidence. The
nationally-weighted  data would be needed for any generalizations  to national  experience.
An analysis of the distribution of these cases is presented separately  from the other cases
investigated. The selection process for the other cases was based on outcome injury severity
rather than crash severity, so they are not representative  of all crash events in the United
States.

Of the eighteen cars involved, three had a front bench seat.

Two cars burned following the crash event - one occupant died in the fire.

Nine of the eighteen cases involved multiple impacts.

Twenty-nine occupants were involved in the eighteen cases, of which nineteen were
w 031
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Table 1
REAR IMPACTS - NASS 1988 - 1990 - DELTA V 30 - 39 MPH

CASE DELTA IXPACT  SEAT REST. SEAT SEAT YIELD- AIS INJURY SOURCE ILWING SEAT DEF INTEUS. REBOUND
V POS. USE TYPE PERF DEGXEXS OR NONDEF (AFT)

CONTRI TO ' '
INJURYSEATS WITH NO FAILURE

YES 2 1 0
YES 2 1 0

D(30) YES 2 1 2

SEATS TEAT DEFOUED

90-47-100 31
89-46-070 33

90-45-232 39

90-09-067 30
88-44113 30

88-43-002 30

89-45-121 30
g 90-47-100 31

88-71-042 32

88-49-035 32

89-78-094 32

90-73-067 32
88-47-222 35
89-12-091 35

%8-80-026 35
90-02-062 35
89-77-160 36
90-07-134 37

088-45-262 38
W90-45-232 39
i-d

5
3
3
3
3

3&4
5

3&5

5

5&6
5&6
6

2:5

2&5
5
5
5
5
5
5
1

15
30
30
45

ii

zi:

45

45
30
0
45
50

50

iiKN
70
60
60
30
20

2
7
2

i
3
1
3
2
2

:
6
1

ii
7
1

BACK STRAIN IYPACT FORCE
CONCUSSION STEERING WBL i!
NECK, FRACTURE NONCONTACT NO
CONTUS, HEAD STEERING WHL NO

REFUSED TREATXENT
LACER CONTUS STR WHL FLY GLS !!
CONTUS, KIDNEY BROOM STICK NO
YINOR  CONTUS STR WHL NO
CONTUS,FACE UNKNOWN
LACER CONTUS STR WHL WNDSHLD $"
HINOR  CONTUS SEAT BK SUNVIS NO
CONTUSION, HD HEADREST NO

LACER,ABDOH SEAT BACK
BLUNT TRAUXA SEAT BELT
CONCUSSION REAR HEADER
LACER CONTUS "A"&"B"  PILLAR

FRACTURE,CHEST
LACERATION,FACE
CONTUS,CHEST
FRAC-RIB,CLAVIC
FRACT, SHOULDER
CONTUS STRAIN
CONTUS STRAIN
BURNS

STEERING WBL
?IIIRROR
UNKN
LT ARJ¶ REST
UNKNOWN
HDRST SEAT BK
STR WHL BLT IP

CONTUS CONSUSS  HDREST IP
CONTUSION,CHEST STERRING WHL

FRACTURE,PELVIS  UNKN UNKN
FACE,LACER ABRAS HDRST FLY GLS NO

UNKN
UNKX
POSS
NO

NO

iKN

YJiKN

iii

1;
NO

NO 22-37
NO O-40

i! 33-10

NO 5-44
NO 3-42

ii o-35
UNK
NO 26-5
NO 22-37
NO 28-18

UNKN O-46
UNKN
POSSIBLE
NO 20-4

-hKN 32-12
NO 55- 1
UNKN 50-2
NO
UNKN

ii! 35-26
NO 12-56
NO 34- 0
NO 35-11

TTNKN 34-5
NO 33-10

NO
POSSIBLE

POSSIBLE

NO
YES

POSSIBLE
UNKNOWN
POSSIBLE
POSSIBLE
NO

%SIBLE

!SSIBLE

POSSIBLE
YES
UNKN

ZKN
NO
YES
UNKN
YES
YES

-UNKN
NO
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TAGLE  1 - NOTES

I /qpkC:T - I S I N G L E  M M U L T I P L E

SEAT POSIT1  ON - D DRIVERCAGE> P RIGHT FRCNT(AGE:,

INTRUSI  ON FRCVI  A F T  - I N C H E S  CRUSH - LEFT CORNER AND RIGHT CC7RbJER

I
I
I

(Oj No seat
(1) No seat performance failure(s)
(2) Seat adjusters failed
(3) Seat back folding locks failed
(4) Seat tracks/anchors failed
(5) Deformed by impact of occupant
(6) Deformed by passenger compartment

intrusion (specify):

Soat Typa

(00) No seat
(01) Bucket
(02)  Bucket with folding back
(03) Bench
(04) Bench with separate back cushions.
(05) Bench with folding back(r)
(06) Split bench with repamta  back cushions
(07) Split bench with folding back(s)

I
I
I
I
I
1
I
I
I d 033
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restrained;  however,  two belt systems released during the crash event - one broke and the
other was not properly  latched.  Out of 25 occupied front seats, 22 yielded.

Eleven of the twenty-five  front seat occupants suffered injuries  from contacts in the
frontal  direction. Two of these frontal injury cases involved only  rearward  crash forces.

The most frequently  injured body part was  the head and face; the highest severity
injuries  were inflicted to the head and chest. The most frequently  recorded probable source
of injury was the steering wheel (9), followed by the seat back (S), headrest (5), and flying
glass  (4); however, the number of noncontact  injuries was  equal to the number of injuries
caused by the steering wheel.

In this small sample, the rate for AIS 2 and greater injuries for restrained occupants is
26%, while the injury rate for unrestrained  occupants is 50%.

The distribution of injuries based on the maximum  ATS was as follows:

Front Rear

Occupants Occupants

AIS 0 3 1

AIS 1 12 3

AIS 2 6

AIS 3 2

AIS 4-5 0

AIS 6 1 (BURN)

AIS 7 1

One vehicle was  involved in two rear impacts in the same crash event (Case 90-47-100).

Case 90-47-100 also had a driver seat which did not yield and a passenger  seat which
yielded  35 degrees (as estimated from the available photograph).  Both front seat
passengers received AIS 1 maximum injuries. Both received back strain injuries  from the
impact. The passenger  received  a face contusion from the sun visor, probably  in rebound.
Rebound appears to occur even in seats which yield.

Case 90-47-100 also had two rear seat occupants. The one behind the the yielding seat
received AIS 1 abrasions to the leg and knee from the seat back. The one behind the
non-yielding  seat received an AIS 1 facial  fracture  from the back of the front seat.
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Ramping  of the occupants was  difficult to identify. It was not positively observed in any of
the cases. It was not relevant to injuries in twenty-one of twenty-nine  occupant cases. One
AIS 2 head injury (Case 85-49-035)  (AIS 2) involved contact with the rear header. Ramping
may have contributed  to the head injury from the rear header and an associated AIS 2
abdominal laceration  from the seat belt. For this case, the seat’s permanent deflection was
45 degrees, and the rear intrusion was 46 inches.

Seat deformation  performance  may have contributed  to two of the occupant  injuries. In
addition to the case cited above, Case 59-75-094  may have seat related AIS 1 level
contusions and lacerations. However,  rebound impact may also have caused some of the
injuries  in this case.

Rebound may have contributed  to injuries in twelve of the twenty-five  cases. In five
cases, rebound was definitely  involved. In many cases, a frontal  impact followed the rear
impact, thereby  adding to the rebound velocity. The earlier  reported finding that the
steering  wheel  is the most frequent  cause of injury is consistent with the rebound
phenomena observed. Most rebound injuries were minor.  However, one AIS 3 chest injury
may have been aggravated by rebound (90-73-067). This case also had multiple impacts.

In this limited number of severe rear impact cases, ramping could not be positively
identified as contributing to any injuries. It may have contributed  to injury in one case. Seat
deformation  performance may have contributed  to one AIS 1 and one AIS 2 injury.
However, rebound  related injuries were possible in five cases, and probable in seven
additional cases. Among these twelve injuries, eight were AIS 1, two were AIS 2, one was
AIS 3, and one was  an injury of unknown  severity.

Thirty-One Selected  Injury Producing Rear Impact Cases - NASS 1988

An additional thirty-one cases were selected for hard copy review. These  cases had two
selection criteria. First,  cases with  Av greater than 40 mph were included.  This produced
two fatal cases. A second group contained restrained  occupants with injuries of AIS 2+ or
in vehicles  with seats deformed by impact of the occupant. The additional case summaries
are included in Appendix D.

Table  2 provides a summary of the seat performance  for all 49 cases of the rear impact
investigated. These 49 cases involve 72 front seat occupants and 26 unoccupied seats.

The following is a summary of the seat performance  data of occupied front seats
presented in Table 2. The summary contains the number of times each specific seat
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performance category was assigned to each seat type.

SEAT PERFORMANCE  CATEGORY

SEAT TOTAL

TYPE 1* 2 3 4 5 6 7

01* 1 8 1 1 11

02 20 1 12 2 19 2 55

04 1 1

05 1 1 2

06 1 4 5

07 2 2 2 6

ALL 25 3 13 2 34 3 1 81

l See Legend Below SmtTypc

(00) Noseat

(01) Bucket

(02) Bucket  with folding back

(03) Bench

(04) Bench  with separntc back cushions

(OS)  Bench  with folding  back(s)

(06) Split bench with separate back cushions

(07) Split bench with folding  back(s)

Seat Performances

(0) Noseat

(1) No seat performance failure(s)

(2) Seat adjustets failed

(3) Seat back folding  locks failed

(4) Seat tracks/Anchors failed

(5) Deformed by impact  of occupant

(6) Deformed by passenger compartment  intrusion

(7) Seat back reclining  mechanicsm  failed

Nine seats received multiple (two) types of damage. Therefore,  there are 81 instances of
damage, or non-damage,  for the 72 occupied  seats. Bucket seats with a folding back lock
were the most predominate seats in the cases reviewed,  followed  by bucket  seats.  There
were 26 unoccupied front seats in the cases reviewed.  Four of these seats received damage;
three from intrusion, and one coded “seat  back folding locks failed”.

The predominate mode of damage was seat deformation  by the occupant, followed by
seat back folding lock failure.  Three cases of seat adjuster  failure were noted. All were
associated with seats deformed by occupant impact. Two of the occupants involved had AIS
1 injuries.  In the other case, the principal  injury was  an AIS 3 chest injury of unknown
cause.  Improved  seat restraint  might have mitigated this injury,  but the the evidence is
uncertain.  No AIS 2+ injuries from seat adjuster  failure could be positively identified from
the rear impact cases examined.

Fourteen cases of folding lock failures  were reported.  Among these cases, five occupants
may have had injuries at the AIS 2 level  which were exacerbated  by the reported lock
failure. The relevant cases are 90-76-019P,  88-50-040D&P,  OO-43-002P,gd  88-71-042D036
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Table 2
SEAT PERFORMANCE - FRONT SEATS

REAR IMPACTS - 49 CASES

CASE DELTA SEAT SEAT SEAT Y I E L D  -
NO. V POS. TYPE PERF. DEGREES

8 8 - 4 5 - 0 5 5 8 D
P(U)

4
4

1
1

0
0

AIS

3

9’0-9-158 9 D
P(U)

0
0

21
1

1
1

9 0 - 7 6 - 0  1 9 9 D
P

2
2

3
3

(20
c 10

1
2

9 0 - 7 1 - 2 0 3 11 D 2 2&5 30 1
P 2 5 30 1

8 8 - 7 2 - 0 4 0 12 D
P c Li,

2
2

3&5
1

10
0

2

8 8 - 1 0 - 0 9 2 14 D
P

2
2

0
0

3
1

1
1

9 0 - 8 0 - 0 6 3 14 D
P

2
2

0
0

1
2

1
1

9 0 - 1 2 - 1 9 1 14 D
P

5
5

4 5
4 5

2
1

1
1

8 9 - 4 1 - 0 0 8 15 D
P

2
2

3.
1

60
0

1
2

9 0 - 1 2 - 1 2 9 15 D
P(U>

2
2

4&5
1

4 5
0

1

90 -45-24  1 16 D
P(U)

2
2

5
1

20
0

2

88- 10-066 16 D
P(U)

1
1

5
1

15
0

2

9 0 - 1 2 - 0 7 6 16 D 2 5 2 5 2
P 2 5 30 1

9 0 - 1 2 - 1 9 2 16 D
P(U)

2
2

5
1

4 5
0

.*

1
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CASE FELT+, SEAT SEAT SEAT

N 0 . I,! p 0 s . TYPE PERF.
AIS

1: a>
5

30
30

2

1

38-31-13  18 17 ci 2 5 35 2
P 2 5 40 0

88-11-155 17 Cl $5
P 6

5
5

40
40

1
1

17 D
PC I I’i-.

5
5

1
1

0
0

2

3
1

4 5
0

1

1
,l

0
0

2

‘TQ-i7-151 2 0 D 7
P 7

1
1

2

0

E8-45-009 2 8 D 2
PI: i-i> 2

0
0

21
1

88-72-  15~7 2 4 D 2 1 0
Pi; Uj 2 1 0

3

88-4&-032 2 4 D 6 3 0

PCUj 6 1 0
2

88-9-  110 2 5 D 1 5 40
P 1 5 40

,7i
1

3 9 - 1 1 - 1 4 1 25 D 2 1 0
PC u> 2 1 0

2

3 3 - 5 0 - 0 4 0 25 D 2
P 2

3
3

60
60

2
2

8 3 - 3 0 - 0 3 3 2 :3 D 2
P .-,L

1
1

0
0

3
0

83-41-073 2 8 D 2
P 2

5
1

< 10
0

2

3

90 - 9 - 0 67 30 D 2 5
p ( l-1; 2 1

15
0

7
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CASE DELTA SEAT SEAT SEAT Y I E L D  - AIS
V POS. TYPE PERF. DEGREES

8 8 - 4 4 - l  1 3  3 0 D 2 3 30 1
P 2 1 30 2

8 3 - 4 3 - 0 0 2  3 0 D 2 3 4 5 1
P 2 3 30 2

89-45-  12 1 30 D 2 3&4 40 1
P(U) 2 3 4 0

9 0 - 4 7 - 1 0 0  3 1 D
P

2
2

1
5

0 1
?=b J 1

8 8 - 7 1 - 0 4 2 3 2

8 8 - 4 9 - 0 3 5  3 2

8 9 - 7 8 - 0 9 4  3 2

9 0 - 7 3 - 0 6 7  3 2

8 9 - 4 6 - 0 7 0 3 3

8 8 - 4 7 - 2 2 2 3 5

8 9 - 1 2 - 0 9 1 3 5

D
PCU>

2
2

3&5
1

4 5 2
0

D
Pi U>

1
1

5
6

4 5 2
0

D 2 5sc 6 4 5 1
P 2 5&6 30 0

D 1 6 0 3
P(U) 1 1 0 -

D 2 1 0 2
P(U 2 6 0

D
P(U)

2
2

5
1

4 5 1
0 -

D 7 2&5 50 3
P 7 2&5 50 1

8 8 - 8 0 - 0 2 6  3 5 D 2 5 4 5 1
P(U) 2 6 0

9 0 - 2 - 0 6 2 3 5 D
P( u>

5
5

5
1

( 1) 6
(1) -

89-77-  1 6 0  3 6 D 1 5 70 1
P<U> 1 1 0

9 0 - 7 - 1 3 4 3 7 D 6 5 60 1
P 6 5 60 0

8 8 - 4 5 - 2 6 2  3 8 D 2 5 30 7(2)
P(U) 2 1 0

e% 039
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CASE DELTA E;Ej$T
NO. ‘.I POS.

5@-45-232 3 5 D
P

88-45-183  45 D
P

88-la-168  4 8 D
PC iA>

D- Dr i ver

P - Ri ah t  Fr on t  Passenger

SEAT SEAT Y I E L D  - AIS
TYPE PERF. DEGREES

2
2

2
2

2
2

1
1

1
1

1
1

( l-1) - U n o c c u p i e d

( l> - B u r n e d  - U n a b l e  t o  d e t e r m i n e  y i e l d .

(2) - F r a c t u r e d  p e l v i s

(3) - F a t a l  i  t y .

(a? - S e a t  b a c k  r e c l i n i n g  locks f a i l e d .

(00) No seat
(01)  Bucket
(02) Bucket with folding back
(03) Bench
(04) Bench with separate back cushions
(05)  Bench with folding back(r)
(06)  Split bench with rrparato  back  cushion8
(07) Split bench with folding b&(o)

8 ‘r1
28 1

38 1
0 2!3)

( 1> 51:3>
0

(0) No seat
(1) No seat performance failure(s)
(2) Seat adjusters falled
(3) Seat  back folding  locks failed
(4) Seat  tracks/anchors  failed
(5) Deformed  by impact of occupant
(6) Deformed  by passenger compartment

intrusion  (specify):
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(D-Driver,  P-Right Front Passenger). In four of five  cases, the source of the AIS 2 injury is
unknown.  Consequently,  the evidence of seat lock failure contribution  to injury is obscure.

Two cases of seat anchorage  failures were reported. The maximum injury for the
occupants in both of these cases was AIS 1. Seat anchorage  failures were not associated
with any serious rear impact injuries.

The performance of seats with regard to ramping, deformation,  and rebound is
summarized  in Tables 3 and 4. In these Tables, only  injuries  of AIS 2 and greater were
considered  in the analysis. For completeness, data from the eighteen  cases (Av 30-39) were
also included, provided the injury to the occupant was AIS 2 or greater. Of the 72 front seat
occupants in 49 cases, only  35 occupants met the criteria for inclusion in the analysis
presented in Tables 3 and 4.

The analysis separates the data into two groups:  Table  3 - no seat yielding; and Table 4 -
cases with permanent seat back yielding.

In cases with no permanent seat back yielding, all but one of the 17 occupants was
restrained.  No injuries were identified which resulted  from ramping or seat related
deformation. However, frontal  injuries  were present in eight of the cases. This suggests the
presence of “rebound” phenomena,  as previously  defined. In most cases it is the result of a
subsequent  frontal  collision.

In cases with permanent deformation,  16 of the 18 occupants were restrained.  Seat
deformation  may have contributed  to 3 of the injuries, and ramping may have contributed  to
one. However, rebound is also frequently  present.  Seven of the 16 occupants had injuries
from frontal  sources.  Four of the cases were single event rear impacts.

For both sets of data, 15 of 35 occupants had injuries from frontal  components.  These
results suggest  that “rebound” exists  in present seat designs, whether they deform or not.
Further,  rebound injuries are more frequent  than those associated with seat deformation.
This result is consistent with the earlier  finding by Malliaris, which showed that 16% of
Harm in rear crashes is from frontal components  of the vehicle. This compares  with 0.1% of
the Harm from rear components  of the vehicle.

Analysis of Rear Seat Occupants

There were eight cases in which vehicles contained rear seat occupants. A summary of
these cases is contained in Appendix E. Some minor AIS 1 injuries could be attributed to



Table 3
CASES IN WHICH THERE WAS NO SEAT FAILURXS  AND TEE OCCUI'ANT INJURY

MEASURE WAS AIS 2 OR GREATER
CASES DELTA IWACT BEST. SEAT AIS INJURY SOURCE INTRUSION

USE POS FBOY AFT

88-45-055 8 Y D 3 CoNCUSSION UNKNOWN 7-l
90-09-158 9 i

f
D 2 CONCUSSION SUNVISOR O-l

88-10-092 14
90-80-063 14 f Y

3
ii 2

KNEE, LACERATION INST PANEL(R?) 6- 5
CONCUSSION UNKNOW

89-41-008
88-77-079
88-47-225
90-77-151

gEg#)g
88172-159
89-11-141
88-80-033
88-41-073
89-46-070

15
17
19
20

M
S !:
s Y
M Y

RIB FRACTURE SEAT BELT(R?)
CONCUSSION UNKNOW
HEAD LACERATION "B" PILLAR
CONCUSSION HEADREST

2-3
l-19
6-4

18-3
2-33

ia 90-45-232
88-45-103
88-10-160

20 M
24 M f
25 M
28 M f
28 M
33 Id 1:

ii
48

M
f

i N

D
P
D

CONCUSSION
CONCUSSION
CONCUSSION
BURNS
CHEST FRCTURE
CONCUSSION
NECK, FRACTURE
CONTUS, HEAD
NEAK FRAC FATAL
CONCUSSION
FATAL BURNS

STR WHL(R?)
UNKNOWN
STR WHL(R?)
BATTERY ACID
SEAT BELT(R?)
STR WHL(R?)
NONCONTACT
STR WHL(R?)
NONCONTACT
UNKNOUN

12-18
25-22
26-44
24-00
4-43
O-40

ZKNOXN
NO
NO
NO
NO

33-10 NO
25-41 NO
41-41 UNKNOXN

IMPACT - S SINGLE - M MULTIPLE (R?) - POSSIBLE REBOUND INTRUSION FROM CRUSH - LEFT C CORNER
RESTRAINT USE - Y YES - N NO SEAT POS - D DRIVER - R RIGHT FRONT

a
45
t-u

lL!WING

UNKNOWN
NO
NO
UNKNOWN
NO
UNKNOW
NO
NO



TABLE 3 - NOTES
IIPACT - S SINGLE I MULTIPLE
SEAT POSITION - D DRIVER (AGE) P RIGHT FRONT (AGE)
INTRUSION FORM AFT - INCHES CRUSH - LEFT CORNER AND RIGHT CORNER

Seat Performance

performance failure(s)
justers failed
ck folding locks failed
acks/anchors failed
d by impact of occupant
d by passenger compartment

intrusion (specify):

Seat Type

with folding back

ith separate back cushions
ith folding back(s)
ench with separate back cushions
ench with folding back(s)



CASES DELTA

90-76-019 9
88-72-040 12

90-12-191 14
90-45-241 16
88-10-066 16
90-12-076 16

w 90-09-056 17
O" 88-81-018 17

88-90-110 25
88-50-040 25

88-41-073
88-43-002
88-44-113
88-71-042

i;
30
32

89-49-035 32

Gg-12-091
' o-92-062
88-45-262

V

35
35
38

Table 4
CASES IN MICE THE SEAT YIELDED AND TEE OCCUPANT INJURY HEASURE WAS AIS 2 OR GREATER

IHPACT  BEST. SEAT AIS INJTRY SOWCE INTWSSION YIELD R&PING
USE POS. FROM A.FT. ANGLE OR NONDEFOY

y'
P
D

(LOOSELY)

:
D
D

f
D
D

Y

5
D”
D

Y
;

Y D
Y P
Y P

(UXBUEKLED)
D

Y D

Y D
N
N ii

2
2

SHOULD DISLOC UNKNOWN
CONCUSSION WINDSHLD(R)

LEG CONTUSION INSTR PNL(R
FRACT CLAVICLE SEAT BLT(R?
CONCUSSION SEAT BACK
CONCUS HEAD "B" PILLAR
CONTUS SHOUL
CHEST FRAC STR WHL(R?)
KNEE,LG CONTU INSTR PNL(R)
CONCUSSION
CONCUSSION

STR XHL(R?)
UNKNOWN

CONSUSSION U-NKNOKN
LACER,FACE UNKNOk'N
CONCUSSION UNKNOWN
LACER FACE UNKNOUN
CONTUS,KIDNEY BROOl STICK
CONTUS, HD HEADREST

LACER,ABDMN SEAT BACK
BLUNT TRAIA
CONCUSSION

SEAT BLT(R?)
REAR HEADER

CONTUS, CHEST UNKNOWN
BURNS
PELVIS, FRACT UNKNOWN

o-4
2-2

12-O
O-14
O-12

18-O

19- 0
17- 0
27-8
19-22-1s

4-43
o-35
3-42

28-28

O-46

SO-2
12-56
34- 5

IHPACT - S SINGLE - M MULTIPLE (R?) POSSIBLE REBOUND (R) - REBOUND RESTRAINT USE - Y YES N NO
ESEAT POS - D DRIVER P PASSENGER INTRUSION FREY AFT - INCHES CRUSH - LT. CORNER AND RT. CORNER
Lb.

lo-20 UNKXOWN
10 NO

45 UNK,YOWN

2015 ii
25 NO

30 NO
UNKXOWN

ii NO
60 UNKXOWN
60 UNKNOXN

UNK1OW
<lO UNKNOXN
45 UNKNOWN
30 NO
45 NO

ZKN~XN
UNKNOWN

POSSIBLE

~KN
UNKNONX

30 Ui;NOUN

SEAT DEFOM

CONTRIBUTES
TOINJURY
UNKNOWN
NO

POSSIBLE
NO
UNKNOKN
UXKIYOW

NO
POSSIBLE

Z!KNO~T~
UNKNOWN
UNKNOWN
UNKXOUN
UNKNOWN
NO
NO

UNKNOWN
UNKNOWN
POSSIBLE
UNKNOWN

!!KN~XN
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the front seat deformation.  However,  it is not possible from the data to assess the degree to
which front seat deformation  contributes to the injuries of rear seat occupants.

Six Selected Frontal Impacts

These six cases involve three seats which are reported to have track/anchorage  failures,
two which deformed  under occupant loading and one which moved forward under impact.
The cases are summarized in Appendix F.

For the seats which were deformed  by occupant impact,  no contribution  of the seat to the
injury was evident.  However, for the seat that moved forward during a frontal  impact and
the three track/anchorage  failures,  seat contribution  to the injury severity  is possible.  In all
of these cases, occupants experienced  injuries higher than expected  for the crash severity.
The higher injuries were consistent with those expected from undesirable  seat loading of the
occupant.

OTHER  STANDARDS FOR SEAT STRENGTH

The history  of FMVSS  developments  for seats is summarized by Warner (91) and will not
be repeated here. It is evident that other countries generally followed the U.S. standards. A
comparison of the strength requirements  for various countries is summarized in Table 5. All
require 20 g empty seat strength.

The 20 g peak acceleration  is typical for passenger  car structures  in frontal  barrier crashes
at speeds of 30 mph. However, vans and small front wheel drive cars frequently  experience
higher occupant  compartment G’s than that of most passenger  cars. In addition, recently
designed anti-submarining  seats,  such as those shown in Figure  15, result in significant
occupant  loading being transferred to the seat. Finally, the incorporation  of belt anchorages
on the seat structure  requires much higher loadings than currently  addressed  by the seating
standard.

I
I
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Table 5

Summary Compai-ison of II. S . and
OLhei* Courlt~y 6 Seating Strength Requirements

-------------  ------.  - .--__  - --.----- --.-----  ._-.--  --- ----------  _--- --.-  ------

1 Tesi; Force Cl11 f v-es t-. k31ilf31t 0~1 1 Test Force on
cc~l.111  t ry ; 5f:;itiIig System 1 Sea LiIlg Rt.?fererlce  Pt. I Seat Back Lock

; I:.(;. of st?at. I (Per I~e::igrlated  Oct.)! C.G.-Seat Back
----.- ------ -----.------- _..---_--.  ---.-----.---_-----  --------- --.-- ----- ------- ---- ----- ----- ----_- ---. - --.._ --_.-----.---.--- ----..- -------- ------- --

I I I

II.S.A. i 21lg
I 1, ':I.J ) CI'IO0 in-lb ; 2og '.I I II I I

---.- ------_---------- _--- - -.--- - .--.- - --.- - ---- -------------------------
I 1 I1 , I

CarlaLla ; 2og ' 3,300 in-lbI I 2og
I I II I I

-------_.-- __-._ ----__-- _.--- -- -._. -----.,_--  _._.___ -_- .--_ ----------_---------
E(‘:E I I I

Req. #I7 i 2l)g
I I
; 4, 690 in-lb I 2og

I? e v . 3 I ; (53 claNm) 11 I

I 1 II I
Japarl ; 2Og I 3, 300 in-lb (Approx. ) / 2og

II ; (33 Kg-m) 3,20,1 'IN i------ ._.. -- _--.... -.------- -..-..- --------_-----.----.----------------------
1 II I I

Slred~.?Il 1 2 og i 3, 300 in--lb (Approx. ) I 2Og
II ; ( 5 cl Kg .-' m ) II

--.-- ------__-  -.___...- --- - __-------.  ---- ----. ---- ---.- - ----------.-------- --
I I II I I

Brazil : 2Og ; 3 .300 iP.lb : 20s’
I I I
I I I

-------- -..- ..--- ---.---.  ----  ----------  .- ---..  --_--_---------_--  ______ - _.___

I I 1
I I I

Aust.l.alia. 2Ug ; :1,300 in-1-b I 2og
, I II I I-- --.--..-- -- .--- - ---.- - -.._ - ----.-.--.------,-...-- ----.-- -.---- ----.-_- .___ -_._- __.__--.--------.--.-  .------__-.- - --.-----..-  ----- ---- ----__--------__- ___________

It: Srrede11  and Australia use EC!E Regulation 4117 as alternati.Je.
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FILhl ANALYSIS

In order to further investigate  the performance  of seats in rear impacts,  preliminary  film
analyses  of rear impact tests conducted under FMVSS  301 were undertaken. Five test films
were reviewed.  In four of the tests, the seat was permanently  deformed.  In one test, of a
Honda Accord,  no permanent seat deformation  was noted. This test was subjected to film
analysis to determine  the rebound velocity of the occupant. It was found that the seat
undenvent extensive elastic deformation.  The dummy head nearly disappeared below the
rear window sill during the impact.  The elastic energy of the seat was then transferred to
the dummy as rebound velocity. Film analysis indicates a rebound velocity of about 11 mph.

Additional  film analysis  and case studies are required  to draw definite conclusions  on the
rebound performance  of existing seats. However,  this limited analysis and the “rebound”
frequency found in the accident data suggests the need for further investigations.

CONCLUSIONS

This preliminary  analysis suggests that improvements  in seat performance is a more
complex matter than simply increasing the strength of the seat back. Legitimate  concerns
exist  over the potential  increase in neck injuries and rebound  injuries which might
accompany strengthened  seats.

Harm analysis by Malliaris  provides insights of injury frequency  and severity  in rear
impacts. His analysis shows that noncontact  neck injuries constitute more than 20% of the
Harm to restrained  occupants. The head restraint  is the largest source of contact Harm
(17%).  The role of head restraints  in noncontact  neck injuries and contact head injuries
needs to be studied in conjunction with any seating system modifications.

Foret-Bruno  (91) found a significant increase in head restraint  effectiveness  as seat back
strength in Renault cars was  increased to meet the EEC standard.  He suggested that the
lower-strength, prestandard seats deformed at a force level below that which induces
noncontact  neck injury.  He concludes  that strengthened  seats are likely to increase the
demand on head restraints  to mitigate the neck injury risks.

Our data analysis did not permit  the quantification of neck injury risks for deformed
versus nondeformed  seats. In the accident cases we analyzed,  we found three noncontact
neck fractures  in seats which did not deform. No noncontact  neck fractures  were observed
in seats which deformed. M! 047
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“Rebound”  type injuries occur frequently in crashes which involve rear impacts.  Malliaris
found that 16% of the Harm in rear impact NASS cases was from frontal contacts.  In many
of the cases, the rear impact is followed by a frontal impact,  either in a line of stopped
traffic,  or by being accelerated  into a fixed  object. In these cases, and in cases where no
subsequent  impact occurs, injuries from impact with frontal components  of the vehicle are
frequently  observed. For the data set of AIS 2+ injuries in selected rear impacts, injuries
from frontal  components  were believed to be present  in 15 of 35 occupants. It is not
possible to determine how many of these injuries were related to the elastic response of the
seat, or from other phenomena. However,  some seat induced rebound phenomena can be
observed in FMVSS  301 rear impact tests. It is evident that the rebound phenomena needs
to be researched in conjunction  with  future seat improvements.

RECOMMENDATIONS  FOR DATA  COLLECTION  REFINEMENTS

As a result of reviewing hard copy cases,  we believe that some additional data collection
elements  should be considered for future crash investigations.

A recorded measurement of seat back angle and direction of damage would be most
helpful.  The accident investigator could accomplish this much more accurately  than is
possible from photographs  in the accident file.  In addition, photographs specifically taken
to document the distorted  back angle of the seat would be helpful.  In some cases, existing
photographs  show seats which are displaced  rearward,  but with the seat performance coded
“no failure”. In some cases, the seat position may have been changed post accident to aid
occupant  extraction. A notation to explain differences between  coded data and
photographs would be useful.

A more explicit coding of the nature of back damage should be considered. The
performance of the reclining mechanism should be included.  The coding of yielding versus
rupture (complete  breakage) would provide additional insights.

The position of the head restraints  is not currently coded. Head restraint  position is a
desirable variable in assessing head restraint  performance.

The coding of points of occupant contact for the “Seat, Back Support” could be enhanced.
At present,  the coding does not distinguish between the rear sear occupant contacts with the
back of the front seat or the back of his own seat. A code could be added to clarify this
ambiguity.
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HEAD ROTATION REARWARD. DEGREES

This graph illustrates what might be
intuitiveiy concluded, namely 'that high
inertial forces may act through the cen-
ter of mass of the unrestrained head and
neck combieation during a whiplash ex-
posure and that the "whiplash" potential
injury, per se, may not be clearly evi-
dent because the seatback height was
sufficient to apply a "rabbit-chop" ful-
crum at some level of the neck that re-
iuces limits of voluntary neck excur-
sion, and at the same time increases
injury producing shear and bending
stresses.

CONCLUSIONS

In the conclusions that follow, the
authors wish to point out that these
statements are based on specific obser-
vations, the majority of which should
not be over-interpreted to form gener-
alized conclusions. However, because
of the wide variety of conditions eval-
uated, certain conclusions are broad,
not because of a specific observation,
but because of a multiplicity of ob-
servations that are correlative and that
reinforce a specific conclusion, there-
by providing a foundation .for some de-
gree of generalization.

A. CONCLUSIONS - METHODOLOGICAL -
The foundation of scientific inquiry is
its methodology, procedures devised for
evolving information not commonly avail-
able and not readily verifiable. The
reader's confidence in data subse-
Tuently developed depends on the meth-
dology, the comprehensiveness of the
studies and the reputation of the in-
vestigators.

1 . The twelve rear-end collision
exneriments reported by this paper are

0
NOTE-CIRCLED NUMBERS 0ENoTE

0IswcE WCI~ESI  F R O M  HEAO
CENTER OF MASS (APPLICATION
OF LOADING)  TO EFFECTIVE
SEATBACK  FULCRUM .

'J
: ,-....  :.., -*_I. -; ' - - 3, ‘-:i -_

F&.123-Headloading/head rotation'
&.a fun'ction of effective seatback
.heightfor the 95thpercentile adult
male dummy ,...:.- ._

.;.: .i j’a*L’  IZEurL: ,y,,i g;-.‘;. ‘Tlf-- _ -, -. .’:11. ‘. *___._-  - - _____. -.
representativd ‘bf '-t%e inajori‘& bf :col-
lision exwsures,  particularly as re-
lated to severity. Passenger vehicles
travel in a stream of traffic columnated
by lane guide-lines: it is not sur-
prising, therefore that e'rrors in speed
control result in rear-end collisions
that are either single or multiple and
that most frequently occur with no ap-
preciable offset or differences in ve-
hicle heading at impact. The speeds
evaluated, 10 thrbugh 55 mph represent
the majority of injury producing ex-
posures.

2. These collision experiments
provide conditions sufficiently realis-
tic and comprehensive to adequately
evaluate the relative merits of various-
passenqer vehicle rear-end collsion
protective devices and to identify re-
lated injury producinq factors. Severe
whiplash injuries were inferred from
these rear-end collisions: these results
indicate that a practical level of col-
lision force was obtained for evaluating
relative performances of different seat-
back and head restraint designs.

3. These exasriments were plsnnld
With a primary obiective of develoDinq
reference material needed by enqineers
desiqninq seatback and head restraints
for passenqer vehicles. For this
reason, many variations in design and
manufacturing techniques were not in-
cluded in the interests of holding the
experiments to a manageable number.

4. The use of both 50th percentile '
and 95th percentile adult male anthro-
pometric dummies provided a practicalpometric dummies provided a practical
evaluation of the effect of the averaqeevaluation of the effect of the averaqe
and the nearly larqest passenqer sizesand the nearly larqest passenqer sizes-
on the various collision protective de-on the various collision protective de-

'4'4 A C 3053v 3 L



. _ _...~. ---  .-_. - -. - ____ ._-. __,. _-- ., >I_ --

. . .
104 . * .' ', :

. . .. .
vices evaluated. Prior studies (4) es-
tablished that smaller sized subjects, . .
including children are well protected
riding in seats adequately protecting
adults.

5. On a selective basis, varia-
tions in seat types, seat strenqths,
seatback heiqhts and related protective
devices were evaluated under realistic
conditions. Selection of a practical
variety of protective devices was made
to provide objective data useful in
making performance judgements concerning
units not specifically evaluated in
these studies.

6. Comorehensive instrumentation
was used iz these studies to provide
detailed sxcifics reuuired for safety
performance evaluation of the rear-ended
passenqer vehicle. The use of properly
articulated anthropometric dummies, 55
transducers and 29 photographic units
represented the most comprehensively
instrumented passenger vehicle collision
study conducted to date. The extensive
photographic coverage of each human simu-
lation during the entire collision event
provided new insight into injury causa-
tion.

7. The utilization of instrumented
full size vehicles providinq realistic
collision conditions and instrumented
trauma-indicatinq anthropometric dummies
simulatinq,passenqer collision, their
induced movements, and the use of hiqh
speed motion picture color photoqraphy
overlaooinq all collision movements
represents a most practical and reliable
method for determitinq oassenqer vehicle
rear-end collision performance. An
evaluation was made of the several pro- "
cedures in use by research groups in the
U.S. and abroad. concerned with accidental
trauma; the consensus of opinions con-
curred with this methodological approach.
While it*is true that fatal injury
trauma varies greatly from individual to
individual and this range is not under-
stood with any great degree of precision,
nevertheless, the procedures used in
this study provided an exacting basis for
determining the relative performances of
safety devices. It is more important to
learn which passenger environment pro-
vides the most practical and effective
improvement to passenger protection than
to delve into refinements concerned with
the specific traumatic conditions requir
ed for Permanent injury or death.
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Prhress with the safe transportation  of
humans will always be a relative matter
- there will never be a practical ar-
rangement for transportation that
guarantees no injuries.

a. The presence of double or
hiqher order variables was controlled
throuqh appropriate methodoloqv to en-
sure reliability of findinqs. In this
study, the techniques of redundancy in
instrumentation.and ibsolute constancy .
of factors involved, except for the
single variable under study, were used
as control devices. For example, the
seating side-by-side of two identical
dummies with identical restraints in
identical seats and identical postures
except for specific head offset varia-'-"-'
tion provided a means of establishing
the precise role minor variations in
head-offset may play in motorist protec-
tion.

B. CONCLUSIONS - COLLISION PER-
FORMANCE - The collapse resistance of a
rear-ended vehicle as a function of
impact speed, the susceptibility of the
vehicle to passenger compartment en-
croachment, the comparative resultant
accelerations, the influence of vehicle
components on injury causation, the
preservation of passenger compartment
integrity while undergoing moderate
levels of impact acceleration are
examples of vehicle collision responses
characterizing collision performance.
In the ordinary use of a vehicle, these
deficiencies do not.usually,manifest
themselves and frequently escape observa-
tion by accident investigators owing to
the transient nature of these deficien-'
ties or the investigator's lack of
familiarity with levels of collision'
performance. Adequate collision per-
formance provides the passenger with a.
protective shield from the crashing
structures of the primary impact: ade-
quate passenger compartment safety
protects the passenger from the injury
producing forces of the secondary impact
the one in which the passenger may be
hurled against the compartment i,nterior
or ejected. This section relates to the
former and the section to follow, to the
latter.

1. The rather linearly varyinq pas-
senqer comoartment peak accelerations
sustained for speeds of rear-end impact
between 10 and 55 mph attest to the
excellent force modulatinq properKilqof
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the rather collapsible 1967 Ford rear-
end structure. The collision perform-
ances of 1967 Fords undergoing rear-end
collision produces a rather-linear
increase in peak acceleration of the
passenger compartment as a function of
the impacting car speed. The mutual or
collective collapse for the rear-end
collision car increases exponentially
for speeds from zero through 30 mph and
linearly at speeds from 30 to 55 mph.
The rear end of the struck car becomes
sufficiently "bottomed out" at 30 that
its stiffness amplifies substantially to
provide the linear deformation for the
30 to 55 mph range, notwithstanding the
exponential changes in kinetic energy as
a function o.f impact speed. The perman-
ent collpase changes with impact speed
for the striking car varies linearly
between 10 and 30 mph and at an increased
rate: it varies linearly between 30 and
55 mph.

2. The cause of fuel tank leakage
for impact speeds between 20 and 30 mph
was attributed to disassociation of
filler spout from the fuel tank and col-
lapse of the car bodv axle housinq step
with which both the rear axle and the
fuel tank are carried. Extension of the
length of the filler spout by the manu-
facturer during the production year
largely corrected the filler spout prob-
lem and the collapsing of body floor
section to crush into the tank could be
averted by stiffening that section.

C. CONCLUSIONS - PASSENGER COM-
PARTMENT - In the passenger compartment
angular protrusions as well as rigid
material with small radii surfaces are
prevalent and represent injury producing
areas ,that should be eliminated. Pas-
senger compartment design criteria for
motarists’  protection should conform to
referenced standards. Injury producing
objects in the passenger compartment
should be recessed or eliminated rather
than attempt to pad the object super-
ficially or ineffectively.

1. The rear window and header was
contacted for some exvosure conditions,
even by the 50th percentile dummy and
for most exwsures by the 95th percen-
tile dummy. Window and header impacts
may serve to reduce head to torso axis
misalignment but are accompanied by
highly objectionable impact accelera-
tions. Because of the unpredictability
of the head restraining value derived

.
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from window and header impacts, both as
to its probability of occurrence 'and as
to its practicality as a "restraining"
device, rear window and header restrain-
ing action is not regarded as a satis--
factory condition. Some form of rear
seat seatback restraint for the head is
recommended, whether simply an exten-
sion in seatback height or as an ex-
tension of padding onto the window ledge
behind the passenger. When the header
is missed, head accelerations are several
times less but the probability of injury
producing whiplash is virtually assured
unless a head restraint has been pro-
vided.

2. Force amplifvinq structures
should be relocated, recessed or elimin-
ated. Angular sections in the passenger
compartment as well as small radii sur-
face of rigid material represent injury
sites that should be eliminated. For
example, the rear window and its header
were frequent impact sites for the rear-
ended tall rear seat passenger. Those
passengers not sustaining this abuse,
because they were shorter, whiplashed
over the rigid low seatback, their
necks receiving injury producing forces
from striking the angular junction of
the seatback support and rear window
shelf.

3. Rear seat passenqers that
strike their heads aqainst the rear
window or header may prevent whiolash
action, as a result of sustaininq a
direct head blow several orders of maq-
nitude hiqher than whiplash accelera-
tion. In addition to this factor,
the wedge-like impact developed by the
30 degree slope of the rear window
(from horizontal) may cause injury pro-
ducing vertebral compressive forces.

4. Thin paddinq, less than one-
half inch thick aoolied to seatback too-
edqe surfaces over riqid frame struc-
tures serves little practical value. De-
sign criteria for passenger protection
should conform with the standards
referenced at the beginning of this
section. Fixed objects of this nature
should either be recessed rather than
attempting to compensate errors of de-
sign with superficial and ineffective
padding. *

5. The production bench seat (24
deqree seatback anqle) intersects the
horizontal rear window ledqe with an
acute anqle of 66 deqrees. Except for

WI
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the ineffective readilyScompressible
padding, the fulcrum-like wedge is '
positioned to give the average motorist
a dangerous "rabbit-chop" to the back
of the neck or head. The section of

the passenger vehicle trunk directly be-
hind this wedge iS the least accessible
and could well be reduced in volume by
contouring the junction of the sheet
metal frame supporting the seatback and
the rear window ledge. Readily com-
pressible seatback padding can be in- '
creased in depth to restore the desired
seatback geometry and the transverse
structural properties afforded by this
ledge would, if anything, be improved
by the contour-

D. CONCLUSIONS - SUTI,vG UNITS -
Seat designs ranging from production
bucket and bench seats to combinations
of high seatback, rigid and non-rigid
construction, tack-on head restraints
and specially constructed safety seats
were evaluated under a wide range of
realistic collision severities.

1. A list of passenqer protective
devices would qenerally show belt re-
straints at the top, with seats, a close
second, The compartmentalization of
properly designed high-back seats pro-
vides a very valuable constraint for
most horizontal directions of impact.
The performance of safety belts and
harnesses in this study followed the
lines clearly established in prior ex-
periments (2), (3), (8). Properly de-
signed.restraining devices direct col-
lision forces to the strong parts of
the body in a manner least likely to
produce injuries.

2. Without question, the most im-
portant vehicle seatinq position is the
front seat: this is because the majority
of the average passenger car mileage is
accomplished with no rear seat pas-
sengers and, additionally, when rear
seat passengers are included, the front
seat serves as a protective barrier for
them.

3. Properly desiqned passenqer ve-
hicle seats provide an inner protective
shield around their precious carqo while
also compartmentizinq the passenqers to

reduce the possibilities of their im-
pactinq one another durinq all but the
most devastatinq of collisions. In
general, seats in passenger vehicles,
if structured for collision safety,
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represent the most important single
life-saving device available to the
motorist, once a collision becomes
unavoidable. The properly structured -
high-back seat applies the restraint
needed by the motorist for.protection
from the injllry producing forces of
rear-end collisions just as the shoulder
and lap safety belts protect the motor-
ist against the injury producing forces
of a head-on collision.

4. A bench'seat, modified from a
21-i&h to a 25-inch seatback was found
to provide sood protection for the
averaqe-sized (50th percentile) rear
seat motorist underqoinq the moderately
severe 30 mph rear-end collision: his
head did not strike the rear window or..- --.
header and rebound was negligible.

5, Seatbacks found to be of ade-
guate heiqht for one level of collision
exposure will not necessarily provide
adequate head restraint.at hiqher levels
owinq to a combination of increased
seatback deflection and tendencv for
head and torso displacement up the in-'
clined plane of the seatback. The
higher forces associated with more

.severe impacts, positions the head in-
ertial force vector operating through
the center of mass of the head aimed
rearward over the top of the backrest
serving to pull the head rearward over

-the head restraint to a posture more
likely to result in whiplash. In ad-
dition to the variable increases in
speed of impact, as a contribution to
whiplash severity; the height of a seat-
back is an obviously singularly impor-
tant variable.

6. Seatback heiqht for all pas-
senqer vehicles should be at least 28
inches. These experiments indicate
that an adequately structured 28-inch
riqid seatback (seatback strength over
16,000 but not over 33,000 in.-lbs) will
provide satisfactory protection against
the injury producing forces of most rear-
end collisions: head offset can cause
variations in seatback deflections and
head peak acceleration but both factors
can be safely accommodated in the ma-
jority of exposures. High-back seats
(28 inches or more) greatly contribute
to the compartmentalization of passen-
gers thereby reducing the chances of
injuries sustained by passengers being
hurled against one another, regardless
of their size. ur!
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7. Seatback yield represents a
condition that may reduce the amount of
head adverse wsturinq relative to torso
(whiplash) during a rear-end collision.
However, it is not practical to consider
seatback yield as a protective design
feature owing to the wide range of per-
formances needed for a controlled-yield.
The many variables having to do with the
severity of rear-end collision forces
makes this approach impractical.

8 . Plastic deformation of hiqh
seatbacks (front seats) reduce pas-
seRqer'3 reb0ur.d  toward tke windshield
in rear-end collisions but qreatly in-
crease chances of injurv for any rear
seat passensers thrown aqainst them.
During moderate speed rear-end collision
experiments, high-backed seats offered
adequate support for the head and torso
and when the seatback  yielded rearward
approximately 20 degrees, rebound was
diminished. This rebound hazard would
be intensified if a front-end impact
occurred, following the rear-end col-
lision. A disadvantage however, of
the seatback being forced into a semi-
reclined position is that the passenger
to the rear is more likely to strike it
on rebound. Additionally, the more
reclined angle facilitates sliding by
the motorist up the seatback, thereby
extending his head further beyond the
end of the head restraint.

9. Elastic rebound of seatbacks
increases the chances of passenqers
sustainins multinle impact injuries.
Increasing seatback rigidity through
designs that allow for only minor
controlled yield with only nominal elas-
tic action reduces rebound of motorists
following peak accelerative forces of a
rear-end collision: this consistent ob-
servation is explained on the basis that
the elastic energy that can be stored
by the upholstery padding and springs as
the seat crushes forward into the backs
of the motorists is negligible when con-
trasted with the metal seatback frame,
anchorages and floor pan elastic energy
for designs allowing significant elastic
rebound.

10. Rear seatback yield was in-
siqnificant for speeds of impact throuqh
30 mnh and very sliqht (to 14 inches1
for speeds of impact throuqh 55 mph,
attestinq to the riqid nature of rear
seatback structures.
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11. Even at 30 mph a 28-inch
seatback (95th adult) should have a
deformable or enerqy absorbinq top edae
in order to conform to neck arch during
the rear-end loading.

12. Front seat passenqer protec-
tion aqainst the injury producinq
forces of rear-end collisions using
the current desiqn technique of seat-
back failure is unsatisfactory. Not
only is the passenger subjected to the
random chance of critical injuries sus-
tained from striking the rear surfaces
of the car interior or the rear seat
passengers, the driver is so adversely
positioned that he loses all opportunity
of regaining control of his vehicle in
time to avert potentially more serious
secondary collisions. This explains
the reason a weak seatback is not recog-
nized as an acceptable solution for
motorist protection from rear-end col-
lisions.

13. Riqid seatbacks assure more
effective support of the occupant during
rear-end collisions, providinq the seat-
back support is hiqh enouqh to also re-
sist rearward movement of the head.
Conversely, a seat that yields appreci-
ably rearward (e.g. more than one foot
rearward displacement, as measured at
the head restraint elevation) places the
motorist in a semi-reclined posture that
may serve to attenuate some of the in-
jury producing forces but at the same
time adversely displaces the motorist
to higher elevations relative to the
seatback, thereby reducing the measure
of support that may be derived.

14. The more riqid the seatback,
the less the tendency of head and torso
displacement UP the plane of the seat-
back durinq a rear-end,collision;  to
the extent that a forward tilt design
is incorporated in a seatback at its
upper limits, this adverse torso shirt
is less likely to occur since this
design feature straightens the inclined
plane of the seatback r&ere it's unneeded
but encountered during torso shift.

15. Increasinq  seatback riqiditv
reduces rebound of motorists followinq
peak accelerative forces of a rear-end
collision: this consistent observation
is explained on the basis that the
elastic energy that can be stored by the
upholstery padding and springs as the
seat crushes forward into the backs of
the motorists is negligible when con-
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trasted with the metal 'seatback'frame .
elastic energy for designs allowing '(
significant elastic'yield. .

16. Seat assemblies and anchoraqes
should not fail from collision accelera-
tions under 20 G from rear-end impacts.
The fact that most seat anchorages held
during the UCLA Series V rear-end col-
lision experiments is attributed to
the following factors: most of the
seats were special units and required
individualized techniques to anchor
them.' The UCLA engineers made certain
these anchorages would sustain the con-
templated impacts so that evaluations
of protective restraints, etc., would
not be compromised by hardware failure.

17. As a restraininu material, the
relative ineffectiveness of upholstery,
havinq conventional stress/strain char-
acteristics, indicates why its thickness
should be kept to a minimum, consistent
with comfort,in order to provide the
motorist with the greater measure of
head and back restraint possible with
the extended seatback metal structure.

18. The use of riqid metal trim
across the top of bucket seatbacks
exposes the rear-ended front seat motor-
ists as well as the front-ended rear
seat motorist to head impacts with in-
juries amplified by these non-vieldinq
sharp surfaces. Padding such trim in
the position of most probable impact is
ineffective unless the padding is dense.

19. Seatbacks and arm rests should
be desiqned usinq well padded, broad
surfaced metal frames designed to pro-
vide the required strenqth and to atten-
uate head impact forces. The seat re-
quires a strong frame to.prevent seat.
inertial forces and passenger inertial
(impact) forces from excessively de-
flecting it and breaking it free from
its mounts. This strength must be de-
signed into the seat so that small sur-
face areas, and rigid structures are
not encountered during "bottoming-out"
type head impacts, occasioned by rebound
from rear-enders, or direct impact by
rear seat passengers thrown into front
seatbacks during head-on impacts.

2 0 . In the hiqh-back seat, a con-
tour forward feature for upper third of
the seatback provides restraint aqainst
torso sliding UP the plane of the seat.

Relatively small vertical  downward
forces are required to neutralize the
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torso movement'up the plane of the seat-
. back;. a properly designed shoulder har-
ness, integral with the seatback, would
accomplish this objective. .

21. A seatback havinq differential
strength with least bendinq moment at
top would reduce the danqerous fulcrum-
like action of head restraints that do
not reach hiqh enough to supmrt the
head mass. This matter deserves fur-
ther research and the-preferred solution,
based on current.information,  is to pro-
vide vehicles with-head restraints high
'enough to obviate the fulcrum-like
action problem. . '

E . CONCLUSIONS - HEAD RESTRAINTS -
Head restraints are devices that re-
strain the rearward movement of the __ ~_,
head relative to the seatback so as to
maintain the head and torso axes in a
natural relationship during a rear-end
collision.

1. Rear-end collisions are one of
the most common types of accidents: even
low speed impacts can be crippling.
Head restraints, designed to function '
as a part of the seatback, represent a
satisfactory, and the best known, so-
lution to this problem. Head restraints
should not be optional equipment because
that status should be reserved for items
not involving motorist safety.

2 . Head restraints are as important
to the motorist involved in rear-end col-
lisions as the safety belt is to the
motorist involved in a front-end impact:
the safety belt provides "brakes" for
motorists  in front-end impacts and the
properly designed seatback with head
restraint provides "brakes" for the rear-
ended motorist's head'and torso. The

3. The head restraint for front
seat units should be desiqned as an ex-
tenion of the seatback and preferablv
not as an attachment or an adjustable
unit. Additionally, because of the
somewhat critical nature of head re-
straint position relative to the head
and its response to seatback inertial
and head impact forces, the concept of
attaching the head restraint to the roof
structure, independent of the seatback,
is regarded as objectionable on the
basis that it compromises motorist pro-
tection and can be a source of injury
during upset and other types of colli-
sion exposure. -

4 . The closer the head restraint
. w+
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to the motorist's head, the better his
protection. Head offsets from the head
restraint to six inches do not greatly
increase a motorist's exposure to in-
jury. 5. Static tests for head restraint
performance yield qenerally exceed the
correspondins  dynamic yield value owinq
to force augmentation attributable to
seatback inertia not present with static
tests. This condition depicts the
capacity of the restraint to resist ad-
verse head movement but does not include
the requirement for resisting the re-
straint's own inertial force.

6. Properly devised laborator/
static tests of seatbacks with head re-
straints represents a satisfactory pro-
cedure for evaluatins head restraint
performance, where correlative data is
available from dynamic full-scale
studies. This conclusion assumes ex-
perimental sophistication in terms of
including sufficient realism in the
laboratory procedure to avoid such
serious possible omissions as floor pan
yield, seat anchorage bolt bending and
yield, and the possible interaction of
vehicle fixed interior surfaces with
seatback yield and occupant displacement.

7. The head restraint should not be
weaker than the seatback. If the seat-
back yields or fails, the head restraint
should maintain the same relationship.

Failure of the head restraint may expose
injury producing structures to the occu-
pant flailed against it. Seatback
failure, while an undesirable condition,
does not generally represent serious in-
jury exposure unless accompanied by
failure of the head restraint with re-
spect to the seatback.

8. For the 10 mph impact, a 95th
percentile adult male dummy on a rear
(ber.zh) seat receives some measure of
head restraint from the slopinq (30
decree horizontal) rear window. The
quality or protective aspects of this
wedge-like impact type of restraint is
suspect, not only because it cannot be
counted on for variations in posture
and dummy heights, but also because the
restraining force is accompanied by a
vertically downward vector that may at
times reach sufficient magnitude to
cause injury to the spinal processes.
Pear seat positions should be provided
with head clearance sufficient to pre-
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vent significant contact with vehicle
interior by a 95th percentile adult
male undergoing a rear-end collision
by an equivalent striking car trave1in.q
between 10 and 40 mph faster than the _
rear-ended car at impact.

9. Head restraints should be an
inteqral part of the vehicle, preferably
requiring no adjustment, if they are
to provide the most consistent and
effective protection against rear-end
collision injuries, The width of the
seatback near.the upper (head restraint)
can be reduced to accommodate increased
visibility, without significantly re-
ducing the overall protection afforded
by the head restraint.

10. Seatbacks not designed to
accommodate the added stress of properly
desisned and constructed retrofitted
head restraints will in general, never-
theless, provide qreatly improved pas-
senqer Protection when so equiuued. This

modification, when competently managed,
provides the motorist with a means for
maintaining a normal head-to-torso axes
alignment; the probability of gross seat-
back deflection or failure is viewed as
an undesirable condition but one which
would occur anyway and a condition for
which structural revision would prob-
ably be too expensive to be practical.

11. Seatbacks extended sufficiently
to provide effective head restraint need
not interfere with driver rear-view di-
rect vision or driver see-throuqh-car-
ahead vision, providinq the head re-
straint Position of the seatback does
not exceed the recommended width of 15
inches. This dimension for driver and
right front seat passenger allows ade-
qute see through vision, even for small
cars, and a motorist has no problem
seeing around it when looking to the
rear.

12. Head restraints whether an
inteqral extension of the seatback or
a tack-on unit should be 15 inches wide
but not less than 10 inches wide. Head
restraints less than 10 inches wide,
while perhaps adequate for square-on
rear-end collisions, pre-supposes per-
fect postural alignment at the time of
impact: owing to the natural lateral

.shifts in posture of the motorist and
the possible occurrence of oblique rear-
end collisions, a bias toward the 15-
inch dimension will provide protection

w
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for a wider range of rear-end collision
exposures. Head restraints wider than
15 inches represent a problem for *
drivers attempting to see through cars
ahead when traveling at highway speeds
under congested conditions.
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the 28-inch seatback, the 95th percen-
tile dummy and the 30 mph rear-end COG-
lision exposure, the followins conclu-
sions can be made:

(a) Head impact remained relative--
ly constant for 0, 3 and 6 inch offsets
(e-9., 11, 11, 10 G) but increased sub-
stantially for the 12-inch offset (e.g.,
18 G).

13. As a practical matter of com-
fort, the head restraint should be no
closer than one inch from the back of
the head when the motorist is in a natur-
al seated position.

F. CONCLUSIONS - OCCUPANT PROTEC-
TION - Duzinq the whiplash phase of a
rear-end collision, the extent to which
the head axis remains aligned with the
torso axis is a common measure of whip-
lash severity: other factors such as the
head peak acceleration attained, the
effective elevation of the seatback (po-
tential for neck "rabbit-chop") and
the presense of dangerous interior sur-
faces that the head may strike, repre-
sent other mechanisms by which motorists
are injured from rear-end collisions.

1. "Whiplash" 'as used by the
'authors connotates the motorist's in:
voluntarily assumed, injury producinq,
torso and head-to-torso postures occa-
sioned by automobile collisions and
other forms of trauma.

2. In addition to the extent of
'whiplash" iniurv exposure, as character-
ized by the anqle the head axis assumed
rearward of the torso axis, the loca-
tion of back and neck force applications
and their maqnitude are also important
indicators of potential injury exposure.
For this reason, those exposures that do
not manifest a critical approach to the
voluntary limits of head excursion rela-
tive to the torso axis and yet are ac-
companied by significant whiplash or
head impact with the vehicle interior
should also be regarded as unacceptable
solutions to the protection of motorists
from rear-end collision injuries.

3. A 95th percentile dummv in a
16,100 in.-lb. 28-inch hiqh front seat
will sustain durinq a 30 mph rear-ender
nearly half the head and chest accelera-
tion of a 95th percentile dummy in the
rear seat, extended also to 28 inches.
This observation is attributed in part
to the closer proximity of the rear
seat to impact and also the more rigid
seatback construction of rear seats in
Passenger vehicles. e

4 . With respect to head offset for

(b) Chest and knee accelerations .
as well as seat belt.force did not vary
with changes in‘he,ad  offset.

(c) Maximum.deflection  and perma-
nent rearward deflection of seatbacks
remained constant for 0 and 3-inch off-
sets but was significantly reduced for
6 and It-inch head offsets. This seem-
ing anomaly is explained by consider-,. ~
ing the dynamic responses of both head
and its head support; they perform as
a single mass for 0 and 3-inch offsets
and their inertial forces became asyn-
chronous for the larger 6 and 12-inch
offsets. Seatback asynchrony with OCCU-

pant head and torso inertial forces re-
duces the extent of seatback deflection.

5 .a Increases in head offset in-
creases tendency for whiplash: normal
posture variations of twelve inches
were found to cause only slight modi-
fications in whiplash as contrasted
with the more dominant variables of
seatback height and strength.

6. A twelve-inch head of'fset
for a rear seat passenqer in a standard
bench seat will more than double chest
acceleration as contrasted with a tero-
inch head offset durinq a rear-end col-
lision; this is attributed to the ex-
ceptionally rigid construction of seat-
backs for the rear seat position.

7. A twelve-inch head offset as
compared with a 3-inch offset deqrades
the protection of a head-restraint bv
an amount approximately equivalent to
diminishinq the head restraint heiqht by
three inches. Design criteria associated

with protection devices for the mo-
torist represents a combination of com-
promises. The problem of unusual head
offset at the time of impact is compat-
ible with the problem of excessive seat-
back yield common to higher speed rear-
end collisions; both conditions are ob-
viated by higher seatbacks but higher
seatbacks impose additional restrictions
to driver's and motorist's visibility.
This identifies the com5l)romised  con-
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dition governing the authors' recommen-
dations for a 28-inch seatback.

8. In addition to "head-offset,"
it is useful to consider the extent
to which readily compressible upholstery
further senarates the motorist's head
from his head restraint. To this end,
one can refer to the "Effective Head-
Offset," the combination of head-offset
and the compressible depth of the up-
holstery before bottoming-out occurs.

9. Seatback and head restraint
upholstery, dependinq on its thickness,
account for a aiqnificant amount of the
"effective head-offset." Upholstery
characteristically offers low force re-
sistance to deflection. To the extent
that upholstery is unnecessarily deep
for the comfort purpose intended, its
depth serves to unnecessarily compro-
mise the motorist by allowing higher
differential velocities between the
seatback and his head and torso.

10. Owinq to variations in the
effective elevation.of the head re-
straint, the extent of whiplash injury
e-sure is not simply a matter of the
difference in head axis to torso axis'
anqles because lesser anqles are re-
guired to physiologically exceed spinal
voluntary limits of articulation as a
function of the effective elevation of
the top of the back restraint. These
variations have to do with motorists'
seated height variations and with the
yield performance characteristics of
the backrest undergoing collision. Where

head restraint occurs below the skull
level, some cervical vertebra may be re-
strained against flexion, but those ver-
tebra above the restrained segment are
free to flex beyond voluntary limits and
owing to the reduction in articulation
units, the extent of flexion for injury
is correspondinqiy reduced.

11. The seat belt does not contri-
bute siqnificantly  to passenqer protec-
tion from rear-end collision exposures:

(a) The floor anchored lap belt,
and to a lesser extent the seat anchored
lap belt pivot about their attachments
as the motorist is accelerated. This
action increases seat belt slack allow-
ing the motorist to slide up the plane
fo the seatback, thereby resulting in a
reduced level of back support as the
whiplash forces reach their maximum
values.

(b) The low-back seats (less than
25-inch seatbacks) become even more
hazardous during a rear-end collision
if a seat belt is being worn because
forward movement of hips is restricted _
thereby increasing the bending moment
sustained by the spinal column. The
seatback acts as a fulcrum with the lap
belt lower limb inertial forces acting at
at the base of the spine and the un-
restrained head and shoulder inertial
forces acting at the upper end of the
spine.

(c) Seatbacks found to be of ade-
quate height for one level of collision
exposure will not necessarily provide
adequate head restraint at higher levels
owing to a combination of increased
seatback deflection and tendency for
head and torso displacement up the in-
clined plane of the seatback. The higher
forces associated with more severe im-
pacts, positions the head inertial Force
vector operating through the center of
mass of the head aimed rearward over the
top of the backrest serving to pull the
head rearward over the head restraint to
a posture more likely to result in
whiplash.

(d) The more rigid the seatback,
the less the tendency of head and torso
displacement up the plane of the seat-
back during a rear-end collision: to
the extent that a forward tilt design
is incorporated in a seatback at its
upper limits, this adverse torso shift
is less likely to occur since this de-
sign feature straightens the inclined
plane of the seatback where it's un-
needed but encountered during torso
shift.

G. CONCLUSIONS - GENERAL - These
experiments.have verified the importance
of keeping the head and torso axes
aligned by a properly designed seatback;
the experiments have also established
that every whiplash-protective device
evaluated demonstrates some measure of
degradation of performance as the rela-
tive speed increases between the rear-
end collision vehicles. The degradation
of seatback performance for protection
of the motorist from whiplash as a func-
tion of speed increased seatback yield
caused by increased body and seatback
inertial forces attending high speed
impacts that position the torso in a
more reclined posture there$y facilitat-
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ing its movement up the plane of the 16,100 in.-lbs. inertial force; head
seat. Some tendency of this nature.
occurs even without seatback yield be-

offset may cause variations in seatback
deflections and head peak accelerations

cause of the natural 20 degree slope of but both factors can be safely accommo- -
seatbacks. dated in the majority of exposures.

1. For the moderately severe col- :." . 8 :.'. 4. The importance of considering
lision exoosures reoorted in this paper,
Jto 55 mob), it was established that a
well desioned safety seat would protect
most passencrtirs  from sustaininq siqnifi-
cant rear-end collision iniuries. It is
apparent that far safer seats can be
provided on the basis of serfonnance .
guidelines established by .this paper.
The higher initial investment that pro- .
vides greatly improved safety and comfort
is money well spent.

An adequately designed, properly
structured and anchored high-back con-
toured seat (28" or higher, well padded
backrest) provided with well padded arm-
r e s t s , harness or a lap belt that is
built into the seat-unit with retract-
able, inertial-lock mechanism represents
the essential  features of a safety seat
that provides sufficient protection for a
motorist to sustain, with probably no
more than minor injuries, rear-end colli-
sions through 55 mph. The crash perform-
ance of seats designed as safety seats
represents a decided improvement over
conventional seats. This was estab-
lished in a prior series of experiments
designed to evaluate the Liberty Mutual
safe-seat configuration, Reference 3.
As demonstrated by the Cox contour
safety seat with head support and built-
in cross-chest lap-belt restraint, the
average motorist from child to adult
size can ride out a severe rear-end col-
lision (e.g. up to the 55 mph exposure)
without significant injury.

2. Seatback strenqth should in-
clude allowance for passenqers thrown
forward against the backrest. Even
though passenger vehicles are provided
with lap belts, not all passengers will
be sensible or knowledgeable enough to
use them. Additionally, lap-belted
taller persons can flail their heads and
chest against the seatbacks ahead of
them during front-end impacts, if not on
rebound from rear-end collisions..

3. Front seat motorists are ade-
quately protected from rear-end col-
JJsion injuries for strikinq car speeds
_t_i,roush 30 mph if they have an ade-
CLatelv structured 28-inch seatback
capable of sustaininq without failure a

the head restraint protection for the
p5th aercentile dummy is not so much a
soecial concern for the welfare of the
minoritv-nooulation  of "kins-sized" .. .
males as it is a recognition of the fact

that seatback heights, satisfactory for
the average adult at low-sDeed rear-end
collisions, must be significantly'higher
for equivalent protection at higher col-
lision speeds. Seatback height-s and
strengths providing satisfactory protec-
tion for the 95th percentile adult male .-
for 30 mph rear-enders will.provide sat-
isfactory protection for the average -
height motorist for speeds through 30
and substantially above 30 mph.

5. These experiments were struc-
tured to be comprehensive but there were
observations made during the experiments
that suggest further avenues of profit-
able inquiry:

(a) The top surface of a seatback
may provide improved head restraining
properties during a rear-end collision
if it extends rearward as a ten to
twelve inch padded shelf. This design
may serve to reduce the minimum eleva-
tion required for reasonable protection
from whiplash.

(b) The upholstery material and
texture used opposite the shoulders for
a high-back seat may significantly
influence the tendency for torso shift
up the plane of the seatback.

(c) The rear window and adjacent
metal structures provide a wedge-like
surface for the head to strike. As the
head contacts this inclined plane (30
degrees), assuming no other hazardous
contact such as with a projection, the
peak acceleration is produced by the
wedge-like application of accelerative
forces to the head and this may cause
excessive compressive forces of the
vertebral column. The magnitude of these
forces was not instrumented but they may
be physiologically significant and both
the 95th and 50th percentile male dummies
sustained relatively high head impacts
with the rear window.

6. Properly desiqned hiqh back
seats provide an inner protictive
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shield around the passenqers while also
compartmentizinq them to reduce the pos-
sibilities of their interactinq  with
each other durinq all but the most deva-
statinq of collisions. In general, seats
when structured for collision safety,
represent the most important single life-
saving device available to the motorist.
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Angte (deg's)
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-
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177.8
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19.0
30.5

20 258.4 26.0
20 245.4 24.0

-35
-35

-45
-45

-40
-45

-45
-45

7?
77

Split Bach seat.

Seat track bake, seat moved aft -2".

24.6 301.7 51.4
24.6 327.8 3L.B

Head cmtxted B.post  6 RIP head.
Head contacted B-past 6 driver head.

18.6 263.7 18.3
1.8.8 469.2 21.2

Bmch sest mvcd 2" rearward.

22.9 115.4 17.3
22.9 146.5 26.6

Both dmy heads impacted rear se.H
cushim &ring seat back recline.

24.8
24.a

386.9
359.7

LL.0
33.0

-45
-45

18.7 140.0 10.4 -LO Both frmt seat backs bent inward ard onto
18.7 192.3 19.6 -40 rear seat crahim.

19.9 1098.2 25.6
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-45
-45

Bench sest reclined allwing bth &mnrf
heads  to cmtact  resr seat back.

22.5 341.0 23.0
22.5 419.0 26.0

-45
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21.6 251.6 33.6 -40 StoFpd Ly fret s?at backs atrlking rear
21.6 105.0 28.0 -40 rest.

17.5
17.5 .

25.3
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52.5 15.9
70.9 13.7

-40
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Both seat backs bent cnto rear cushion.

219.9 32.9
245.9 34.3

Passerqer.side headrest torn off.

24.1 445.2 54.6
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moved 4" aft in tracks.
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Split bench  seat. Driver sest back broke.
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19.s
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Both seats moved aft (Driver . 1.4"
P,s*enger I").

137.L 24.0
309.9 29.4
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21.3
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410.6 19. -60 at-d the &my heeds struck rear se?,t back.

21.9 210.0 27.0
21.9 286.0 30.0

Both front seat bxks yielded on iqxct.
Both darrry heeds struck rear seat bacr.

23.5 623.0 36.0
23.5 1147.0 42.0

Passmxr head contacted rear seat back
s-r< bracket.

23.8
23.8

17.0
17.0

Both hxket seat backs yielded.

20.6
20.6

13.4
18.4

22.3
22.3

18.7
18.7

114.5
102.8

51.1
210.2

288.6
303.2

19b.o
138.2

47.0
76.0

13.7
12.9

-60
44

-45
-45

-40
-45

-45
-45

-45t
-45+

-bQ
-60

Both seat backs  yielded at inpact.
Both heads atrwk back of rear scat.

Both aeat backs  yielded at iwct. Both
heads strut back of rear seat.

Bmh seat. Bench seat bak yielded,  both
&nrmes reclined.
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TABLE'1 - SUMMARY O F  8TATIC  B E A T  P U L L  TE8T8

SEAT DESCRlPnON SEAT PERFORMANCE

M O D E L  MANVFAC- MODEL STIFFNESS STRENGTH ABSORBED TEST
YR. TURER W/W W.)’ ENERGY REMAAKS

(n lb@’ BY:
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169.3 05.1 325.0 660.0 323.2 174.2 SEVERY SEVERY
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SAAB

OllOSklOdrplRbWldlMLYl SMRY
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w

;!r
00.9 570.0 N/h s fF%Y

‘70 62.6 525.0 N/h SMRY
z T O Y O T A COROUA 46.6 310.0

SUEthRU 300.0’
N/h SEVERY

55.5 N/h S M R Y
70 Dhmm 610 142.9 365.0 N/h S M R Y
7 0 R A T
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‘To
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ad)isted for -taqur CSE
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APPENDIX C

Eighteen 30 - 39 MPH Delta-V

Rear Impact - NASS 1988 - 1990



0 6 SE RVAT  I ON S

EIGHTEEN 38-39  MPH DELTA U REAR IMPACTS - NASS 1981-1996

0 NINE OF THE EIGHTEEN CASES INVOLVED MULTIPLE IMPACTS

a TWENTY-NINE OCCUPANTS WERE INVOLVED IN THE EIGHTEEN CASES OF
WHICH NINETEEN WERE RESTRAINED - HOWEVER, TWO BELT SYSTEMS
RELEASED DURING THE CRASH EVENT - ONE BROKE AND THE OTHER WAS
NOT PRORERLY LATCHED

0 OUT OF 25 OCCUPIED FRONT SEATS - 21 YIELDED

0 TWO CARS EURbJED  FOLLOWIbJG  THE CRASH EVENT - ObJE OC:CUFAt\JT DI ED
It\1 THE FI RE

0 OF THE EI GHTEEbJ CARS INVOL~,,‘ED, THREE HAD A FRObJT GENCH SEAT

0 ObJE VEHICLE PIAS INVOLVED IbJ TbJO REAR IMPACTS 1t.J THE SAME
CRASH EVENT

Q THE MOST FREQUEt~JTLY  I bJJURE0  BODY PART WAS THE HEAD AND FACE -
T H E  H I G H E S T  S E V E R I T Y  IN~RI E S  WERE I~JFLI CTED TC7 T H E  HEAD 4ir\Jn
CHEST

0 THE MOST FRAOUEt~JTLY  RECORDED FROSAELE SOURC:E  OF INJURY WAS THE
STEERING LrJHEEL FOLLOlJED  BY THE SEAT BACK, HEADREST! AND
FL’)”  1 psJG C;LASS - HOC~JEVER  r THE bJUMBER  OF t’JONCOt\JTACT I bJJUR I ES
WEF:E EQUAL TO THE NUMBER OF IbJJURI ES CAUSED BY THE STEERING
WHEEL

0 IN THI S SMALL SAMPLE, THE I t\JJURY  RATE FOR AI S 2 AND GREATER
INJURI ES FOR RESTRAINED OCCUPANTS I S 26;: , bJH I LE THE INJURY
RATE FOR UbJRESTRAIbJED  OCCUFAbJTS  I S 50X, PROS1 DING A SEAT BELT
EFFECTIVENESS OF 4S:i:
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CASE 18-43-002

CASE ‘JEHI CLE: 1 9 8 4  S u b a r u  GL (U2>
CASE UEHI CLE WE1 GHT: 2 1 9 0  l b s .
CASE VEHICLE DELTA U: 30 mph

CI RCUMSTANCES

V e h i c l e s  1 a n d  2 w e r e  t r a v e l  i n g  o n  a  o n e  w a y , f o u r  l a n e  s t r e e t
a p p r o a c h i n g  a n  i n t e r s e c t i o n  w i t h  a  t r a f f i c  s i g n a l . B o t h  v e h i c l e s .
w e r e  i n  t h e  s a m e  la.ne. A s  tJ2 a p p r o a c h e d  t h e  i n t e r s e c t i o n  t h e
d r i v e r  o f  Ul a p p l i e d  h i s  b r a k e s  b e f o r e  s t r i k i n g  U2. Ul u n d e r r o d e
u2. U2 c o n t i n u e d  d o w n  t h e  s t r e e t  s t r i k i n g  a  “ N o  P a r k i n g ”  s i g n  a n d
a  u t i l i t y  p o l e .

B o t h  o c c u p a n t s  w e r e  u s i n g  1  ap/shoul  d e r  be1 t s .

B o t h  f r o n t  b u c k e t  s t e a t  b a c k  f o l d i n g  l o c k s  f a i l e d  a n d  t h e  s e a t
b a c k s  r o t a t e d  rea.rward  a n d  c a m e  t o  res.t o n  t o p  o f  t h e  r e a r  s e a t
tush i on . T h e  d r i v e r  ‘ s s e a t  r o t a t e d  a p p r o x i m a t e l y  4 5  d e g r e e s ,  a n d
t h e  p a s s e n g e r  s e a t  a p p r o x i m a t e 1  y 3 0  d e g r e e s . T h e  f r o n t  s e a t s  h a d
a d j u s t a b l e  h e a d r e s t s  w i  t h  n o  d a m a g e  r e p o r t e d .

RESTRAI I\JT AND I~~JJLIR I ES

CASE UEHI CLE
SEATIr\JG P O S I T I O N :  D r i v e r

SEX: Fema 1 e
A G E :  2 2
H E I G H T :  45 i n .
W E I G H T :  1 1 6  l b s .
RESTRAINT USED : Lap/Shou 1 der Be1 t

I N J U R I E S AIS 0.t; I < % 1 PROBABLE SOURCE

C o n t u s i o n ,  ches.t
Whip1 ash,  neck

1
1

1
3

S t e e r i n g  klheel
C o d e d  F i r e  -
N o t  o b v i o u s  f r o m
r e p o r t  o r  p h o t o s

SEATING POSIT1 ObJ: RI GHT FRONT FASSENGER
SEX : Ma1 e
AGE:  31
RESTRAINT USED : Lap/Shoul der Be1 t
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C o n t u s i o n , f a c e 1 7 Unknown
L a c e r a t i o n i4 in.>, f a c e 2 7 Unknown
l a c e r a t i o n , w r i s t 1 7 Unknown

CX) WI D i r e c t / I n d i r e c t  I n j u r y  - (1:) D i r e c t  C o n t a c t  In.jury, (3)
N o n c o n t a c t  I n j u r y , a n d  (7) U n k n o w n  s o u r c e

5: EAT PER F 0 RMAN  C E
B o t h  t h e  d r i v e r  a n d  f r o n t  s e a t  passenger/s s e a t  b a c k  l o c k s  f a i l e d .

tl I SC: I tJ F 0 RMAT  I ON

Vi - 1978 Chry Cordoba - W e i g h t  4 1 5 1  lbs, - D e l t a  V 1 7  m p h

1 giiij@ pole -----_---
ivy-'

_-__-.------ .- -

I

& ~.- - - - - -
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SEAT PERFORMANCE
D r i v e r  S e a t  - D e f o r m e d  b y  i m p a c t  o f  o c c u p a n t  f r o m  f r o n t

CASE 88-80-025

CASE VEHI CLE: 19b5 HONDA PRELUDE (U2>
CASE ‘JEHI CLE WE1 GHT: 2 2 1 9  lbs.
CASE VEHICLE DELTA U: 35 mph

CI RCUMSTANCES

V 3  stoped s u d d e n l y  o n  h i g h w a y  a f t e r  m i s s i n g  a  t u r n .  V 2 ,
foil owing, s l o w e d  t o  a  s t o p a n d  w a s  s t r u c k  f r o m  b e h i n d  b y  Ul. V 2
was p u s h e d  i n t o  t h e  r e a r  o f  V 3 .

T h e  r e s t r a i n e d  d r i v e r  o f  t h e  c a s e  v e h i c l e  r e c e i v e d  m i n o r  i n j u r i e s
a n d  w a s  t r a n s p o r t e d  t o  t h e  h o s p i t a l  a n d  r e l e a s e d . S h e  1  o s t  o n e
d a y  o f  w o r k .

T h e  d r i v e r ’ s s e a t  w a s .  r o t a t e d  a p p r o x i m a t e l y  4 5  d e g r e e s .  r e a r w a r d  b y
t h e  o c c u p a n t . T h e  d r i v e r ’ s s e a t  b a c k  w a s  r e s t i n g  o n  t o p  o f  t h e
r e a r  s e a t  c u s h i o n .

T h e  f r o n t  s e a t s .  i n  t h e  c a s e  v e h i c l e  w e r e  b u c k e t  s e a t s  w i t h  f o l d i n g
backs, a n d  t h e  h e a d r e s t s  w e r e  a d j u s t a b l e  w i t h  n o  r e p o r t e d  d a m a g e .

RESTRAINT AND INJURIES

CASE VEHICLE
SEATING POSIT1 ON: Driver

S<><: : Fema 1 e
GGE: 2 7
H E I G H T :  5 5  i n .
CIIEIGHT:  1 2 5  1  b s .
RESTRAINT USED: La p/Sh ou 1 der Be 1 t

I NJUR I ES AIS D/I (#> PROBCiBLE  SOURCE

Contusion ,Face 1 1
S t r a i n ,  N e c k 1 2
C o n t u s i o n ,  T h i g h 1 1
C o n t u s i o n ,  K n e e 1 1
C o n t u s i o n ,  S h o u l d e r 1 1

S t e e r i n g  Cllheel
S t e e r i n g  W h e e l
S t e e r i n g  W h e e l
L e f t  I n s t r .  P a n e l
Sea.t  Be1 t

(Xl D/I - D i r e c t / I n d i r e c t  I n j u r y  - (1) D i r e c t  C o n t a c t  I n j u r y ,  a n d
(2) I n d i r e c t  C o n t a c t  I n j u r y

MI SC INFORMATION
Vl - 1 9 7 7  BMW 530 i
v 3  - 1987 I s u z u  Imark



CASE 88-10-025<CONT>

N o t e :  T h i s v e h i c l e  u n d e r w e n t  a  f r o n t a l  i m p a c t  f o l l o w i n g  t h e  r e a r
i m p a c t  possitlly  a c c o u n t i n g  f o r  t h e s t e e r i n g  w h e e l  i n j u r y .

CAS&- 026
1 __. - __ ..-.. __ ._ - ------ ---- .-

_... _--

P-..-yjq-.--7 .- ,-_.-  _.._ -----~-

w
074



CASE 88-49-03’1

CASE VEHICLE: 1 9 7 6  A U D I  1 0 0  (V2>
CASE VEHICLE WEIGHT: 2 7 9 0  l b s .
CASE VEHICLE DELTA V: 32 mph

CIRCUMSTANCES

V e h i c l e  2  w a s  t r a v e l i n g  i n  t h e  t h i r d  l a n e  o f  a  f o u r  l a n e  f r e e w a y .
V 2  s t o p p e d  a n d  Vl, a l s o t r a v e l i n g  i n  t h e  t h i r d  l a n e ,  s t r u c k  V 2 .
V 2  s u s t a i n e d  s e v e r e  r e a r  i m p a c t  d a m a g e .

T h e  r e s t r a i n e d  d r i v e r  o f  ($2 r e c e i v e d  n u m e r o u s  i n j u r i e s ,  s o m e  o f
unknown sever i ty . He was h o s p i  t a l  i z e d  f o r  s e v e n  d a y s  a n d  o f f  work
f o r  1 0  d a y s .

T h e  r e a r  s e a t  w a s pus.hed  f o r w a r d  b y  i n t r u s i o n  f r o m  Vl a n d  t h e  b a c k
o f  t h e  d r i v e r ’ s s e a t  w a s  r o t a t e d  r e a r w a r d  a p p r o x i m a t e 1  y 4 5  d e g r e e s
b y  t h e  i m p a c t  f o r c e  o f  t h e  d r i v e r ,

T h e  f r o n t  s e a t s i n  t h e  c a s e  v e h i c l e  w e r e  b u c k e t  s e a t s . ,  a n d  t h e
h e a d r e s t s  w e r e  a d j u s t a b l e . T h e  driver/s h e a d r e s t  w a s  d a m a g e d
w h i l e  t h e  r i g h t  f r o n t  s e a t  pas.senger’s  w a s .  n o t .

RESTRAINT AND INJURIES

CASE VEHICLE
BSEATING P O S I T I O N :  D r i v e r

SEX : rid e
AGE. 2 7.
H E I G H T :  7 4  i n .
W E I G H T :  1 8 0  l b s .
RESTRAINT USED: Lap/Shou 1 der Be1 t

INJURIES AIS D/I (X> POTENT I AL SOURCE

Laceration,abdomen 2 2
Concussion,  head 2 1
Bl un t Trauma 7 7
Laceration,face 1 1

S e a t  B a c k
R e a r  H e a d e r
Seat  Be1  t
S t e e r i n g  W h e e l r i m

(X> D/I - D i r e c t / I n d i r e c t  I n j u r y  - Cl> D i r e c t  C o n t a c t  I n j u r y ,  (2)
I n d i r e c t  C o n t a c t  I n j u r y , a n d  (7) U n k n o w n  S o u r c e

SEAT PERFORMGNCE
Dr i v e r  - C o d e d  d e f o r m e d  b y  i m p a c t  o f  o c c u p a n t  f r o m  f r o n t
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CASE 88-7  l -042

CASE VEHI CLE: 1 9 8 3  F o r d  L T D  (($2)
CASE VEHICLE WEIGHT: 3 0 9 2  1Ls.
CASE VEHICLE DELTA V: 32 mph

CIRCUMSTANCES

V e h i c l e s  1  a n d  2  w e r e  t r a v e l i n g  i n  t h e  s a m e  d i r e c t i o n  o n  a  f o u r
l a n e  d i v i d e d s t a t e  h i g h w a y  w i t h  a s l o w e r  m o v i n g  v e h i c l e  i n  b e t w e e n
them. Ul p a s s e d  t h e  s l o w e r  m o v i n g  v e h i c l e . A s  IS1 i s .  p a s s i n g ,  i t s
l e f t  f r o n t  w h e e l  c o n t a c t e d  t h e  c u r b  o f  a n  i s l a n d  s e p a r a t i n g  t h e
t w o  d i r e c t i o n s  o f  tra.ffic. Vl d r i f t e d  t o  t h e  r i g h t  l a n e  a n d
c o n t a c t e d  V2 i n  t h e  r e a r . B o t h  Vl a n d  V 2  c o n t i n u e d  o n  a n d  c a m e  t o
r e s t  o n  a  c u r b e d  is1 a n d .

T h e  d r i v e r  o f  t h e  c a s e  v e h i c l e  w a s  u s i n g  t h e  l a p / s h o u l d e r  be1 t  b u t
t h e  be1 t  was n o t  l a t c h e d  p r o p e r l y  and,came  u n b u c k l e d  d u r i n g  t h e
co1 1 i son. S h e  recieved  a  m i n o r  h e a d  i n j u r y  a n d  w a s  h o s p i t a l i z e d
t h r e e  d a y s . H e r  s e a t  r o t a t e d  r e a r w a r d  a p p r o x i m a t e 1  y 4 5  d e g r e e s
d u r i n g  t h e  c r a s h ,

T h e  f r o n t  s e a t s .  i n  t h e  c a s e  v e h i c l e  w e r e  b u c k e t  s e a t s  w i t h  f o l d i n g
s e a t  t a c k s , a n d  t h e  h&adrests  w e r e  a d j u s t a b l e  w i t h  n o  r e p o r t e d
damage.
RESTRAINT AND INJURIES

CASE VEHICLE
SEATING POSIT1 ON: Driver

SEX : Fema 1 e
A G E :  4 9
H E I G H T :  6 6  i n .
W E I G H T :  1 4 8  l b s .
RESTRAINT USED : LapiShou  1 der Be1 t - Improper1  y 1  atched and

c a m e  unbuckl  e d  d u r i n g  c r a s h .

INJURIES
4

AIS D/I (3) PROBABLE SOURCE

S t r a i n ,  n e c k 1 2
C o n c u s s i o n , head 2 1
L a c e r a t i o n ,  f a c e 1 7
L a c e r a t i o n , s h o u l d e r 1 1
L a c e r a t i o n , head 1 1
A b r a s i o n , W h o 1 e B o dsy 1 7

H e a d r e s t
H e a d r e s t
U n k n o w n
S e a t  B a c k
H e a d r e s t
Unknown

(Xl D / I - D i r e c t / I n d i r e c t  I n j u r y  - (1) D i r e c t  C o n t a c t  I n j u r y ,  (2)
I n d i r e c t  C o n t a c t  I n j u r y ,  a n d  (7) U n k n o w n  S o u r c e

w 077



CASE 88- i 1-042~:  CONT>

SEAT PERFORMANCE
D r i v e r  - S e a t  b a c k  f o l d i n g  l o c k s  f a i l e d  a n d  w a s  d e f o r m e d  b y
o c c u p a n t  f r o m  f r o n t  - r o t a t i o n  a b o u t  4 5  d e g r e e s .

MI SC: I NFORMAT I ON

Vl - 1 9 7 6  B u i c k  S k y l a r k  - 3 3 9 1  l b s .  - D e l t a  U 2 9  m p h

&SC
078



L’ASE 90-2-062

CASE VEHI CLE: 19’77 Ford LTD (U2)
CASE UEHI CLE WE1 GHT: 4 1 4 4  l b s .
CASE VEHICLE DELTA V: 35 mph

CIRCUMSTANCES

V2 w a s .  s t o p p e d  t o  m a k e  a  l e f t  t u r n  a n d  w a s  s t r u c k  i n  t h e  r e a r  b y
VI, a  p i c k u p  t r u c k  t o w i n g  a  3 2 0 0  l b .  t r a i l e r . V 2  b u r s t  i n t o
f 1 ames k i l l i n g  t h e  d r i v e r  a n d  h i s  d o g . T h e  u n r e s t r a i n e d  d r i v e r
r e c e i v e d  3 r d  a n d  4 t h  d e g r e e  b u r n s  o v e r  t h e  w h o l e  b o d y . T h e  c a u s e
o f  d e a t h  w a s  a s p h y x i a t i o n  b y  c a r b o n  m o n o x i d e .

T h e  f r o n t  s e a t  i n  t h e  c a s e  v e h i c l e  w a s  a  b e n c h  s e a t  w i t h  f o l d i n g
s e a t  b a c k , a n d  t h e  h e a d r e s t s  w e r e  a d j u s t a b l e  w i t h  t h e  d r i v e r ’ s
r e p o r t e d  d a m a g e d .

RESTRAINT AND INJURIES

CASE VEHICLE
SEATING POSITION: Driver

S E X :  M a l e
A G E :  7 5
RESTRAINT USED : None

INJURIES AIS D/I ( X > PROBABLE SOURCE

B u r n s , Who1  e Body 6 1 A s p h y x i a t i o n

(W> D / I - D i r e c t / I n d i r e c t  I n j u r y  - (1) D i r e c t  C o n t a c t  I n j u r y

SEAT PERFORMANCE
D r i v e r ’ s - S e a t  b a c k  b r o k e n  - D e f o r m e d  d u r i n g  o c c u p a n t  i m p a c t i n g
s e a t  b a c k .

MISC INFORMATION
Vl - 1 9 8 9  C h e v y  3 5 0 0  P i c k u p  - W e i g h t  4 2 6 9  l v s .  t o w i n g  a  3 1 8 0  l b ,

t r a i l e r .

C62



CASE 90-73-0&i

CASE VEHI CLE: 1 9 8 2  D o d g e  Co1 t  <Ul>
CASE VEHICLE WE1 GHT: 2000  1  bs .
C a s e  V e h i c l e  D E L T A  V :  3 2  m p h .

CIRCUMSTANCES

V e h i c l e  1  w a s  t r a v e l i n g  b e h i n d  v e h i c l e  3  i n  t h e  s a m e  l a n e .  Vl
r e a r  e n d e d  U 3 . Ul rota.ted c l o c k w i s e  a n d  w a s  s t r u c k  i n  t h e  r e a r  b y
V2 h e a d i n g  i n  o p p o s i t e  d i r e c t i o n . V 2  s u s t a i n e d  f r o n t a l  d a m a g e .
V 3  c o n t i n u e d  d o w n  t h e  s t r e e t  i n a  c o u n t e r  c l o c k w i s e  r o t a t i o n  a n d
rol 1 ed over.

T h e  u n r e s t r a i n e d  d r i v e r  i n  t h e  c a s e  v e h i c l e  s u s t a i n e d  a  c h e s t
f r a c t u r e  f r o m  t h e  s t e e r i n g  w h e e l . T h e  a c c i d e n t  r e p o r t  s t a t e s  t h e
dr i ver ’ s s.ea t was d e f o r m e d  b y  t h e  o c c u p a n t ,  b u t  s l  i d e s .  s h o w  1  i  t t l  e
d e f o r m a t i o n .  T h e  r e a r s e a t  w a s  p u s h e d  f o r w a r d  27 - 2 9  i n .  b y  t h e
r e a r  i m p a c t  .

T h e  f r o n t  s e a t s i n  t h e  c a s e  v e h i c l e  w e r e  b u c k e t  s e a t s  w i t h  t h e
h e a d r e s t s i n t e g r a l  w i t h  t h e s e a t  w i  t h  n o  d a m a g e  r e p o r t e d .

RESTRA IrtJT AND I NJUR I ES

CASE VEHICLE
SEATING LOCATION: D r i v e r

SEX : Ma1 e
A G E :  3 5
RESTRAIr\JT USE : None

I k,J J U R I E S AIS D/I (%> PROBABLE SOURCE

L a c e r a t i o n !  F a c e 1 1
Lacer at i  on Head, 1 7
C o n t u s i o n ,  H e a d 2 7
F r a c t u r e ,  C h e s t 3 1

W i n d s h i e l d
Unknown
Un I< n own
S t e e r i n g  W h e e l

(%j - D i r e c t / I n d i r e c t  I n j u r y  - (1) D i r e c t  C o n t a c t  I n j u r y ,  (7)
Unknown Source

SEAT PERFORMANCE
D r i v e r ’ s  s e a t  w a s f o r c e d  f o r w a r d  b y  i n t r u s i o n  f r o m  t h e  r e a r  h a t c h
a r e a .

MI SC INFORMATION

v 2  - 1 9 7 9  C h e v y  M o n t e  C a r l o  - 3 2 4 9  1 bs. - D e l  t a  V 2 0  m p h
v 3  - 1 9 8 9  M e r c u r y  T o p e z  - 2 6 0 6  l&s. - D e l  t a  V  1 2  m p h

W?



CASE 90-i3-05ilCONT3

I
I

N o t e : S i n c e  t h e  c a s e  v e h i c l e  w e n t  t h r o u g h  mu1 t i p l e  i m p a c t s . ,
f r o n t a l  f i r s t , i t  w o u l d  b e  h a r d  t o  d e t e r m i n e  h o w  a n d  w h e n  t h e
d r i v e r  c o n t a c t e d  t h e  s t e e r i n g  w h e e l  a n d  w i n d s h i e l d .
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I
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CASE 8P-78-894

CASE VEHICLE: lPS2 S u b a r u  GL H a t c h b a c k  <V2>
CASE UEHI CLE WE1 GHT: 2 3 7 8  P o u n d s
CASE VEHICLE DELTA U: 32 mph

CIRCUMSTANCES

V e h i c l e  2  w a s s t o p p e d ,  w a i t i n g  t o  m a k e  a  l e f t  t u r n ,  a t  a  3 - w a y
i n t e r s e c t i o n  o n  a  t w o - w a y  s t r e e t . V e h i c l e  1 s t r u c k  v e h i c l e  2  f r o m
b e h i n d . B o t h  v e h i c l e s  w e r e  t o w e d  a n d  b o t h  o c c u p a n t s  w e r e  t a k e n  t o
t h e  h o s p i t a l  a n d  r e l e a s e d . T h e  d r i v e r  l o s t  4  d a y s  w o r k  a s  a
r e s u l t  o f  t h e  a c c i d e n t  a n d  t h e  f r o n t  s e a t  p a s s e n g e r  o n e .

D u r i n g  t h e  i m p a c t  b o t h s e a t s  w e r e  r o t a t e d  r e a r w a r d  a p p r o x i m a t e 1  y
4 5  d e g r e e s  .

B o t h  o c c u p a n t s  w e r e  u s i n g  t h e  l a p / s h o u l d e r  be1 ts p r o v i d e d .

T h e  d r i v e r  r e c e i v e d  m i n o r  i n j u r i e s  a n d  t h e  f r o n t  s e a t  pass.enger
r e c e i v e d  n o  i n j u r y .

T h e  s e a t s  i n  t h e  c a s e  v e h i c l e  w e r e  b u c k e t  s e a t s  w i t h  f o l d i n g
b a c k s . T h e  headres.ts w e r e  i n t e g r a l  w i t h  n o  d a m a g e  r e p o r t e d .

RESTRAINT AND INJURIES

CASE VEHICLE
S E A T I N G  PCISITION: D r i v e r

SE::;: Femal e
AGE:  21
H E I G H T :  6 4  i n ,
MEIGHT:  130 lbs.
RESTRAINT USED: Lap/Shoulder Be1 t

INJURIES AIS D/I C%> PROBABLE SOURCE
L a c e r a t i o n ,  h e a d 1 1 “8” Pi  1  lar
C o n t u s i o n ,  S h o u l d e r 1 1 L e f t ‘A” Pi 11 ar
S t r a i n ,  n e c k 1 3 Unknown, possi bl y

h e a d  r e s t ,  a l  t h o u g h
i  t w a s  repor t e d  n o
d a m a g e  t o  h e a d  r e s t

(X> D / I - D i r e c t / I n d i r e c t  I n j u r y  - (1) D i r e c t  C o n t a c t  I n j u r y ,  a n d
(3) N o n c o n t a c t  I n j u r y .

w
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CASE 89-78-094~  CONTl

SEAT LOCATION: Right  Front
SEX: Femal e
A G E :  3 5
H E I G H T :  6 2  i n .
W E I G H T :  1 2 0  lbs.
RESTRAINT USED: Avai 1 abl e Lap/Shoulder Be1 t

T h i s  o c c u p a n t  r e c e i v e d  n o  i n j u r y .

SEAT PERFORMANCE

B o t h  s e a t s  c o d e d  d e f o r m e d  b y  i n t r u s i o n  o f  t h e  r e a r  d e c k  a n d
d e f o r m e d  b y  i m p a c t  o f  t h e  o c c u p a n t  f r o m  f r o n t  - T h e  d r i v e r ’ s  s e a t
a p p e a r s  t o  b e  r o t a t e d  a p p r o x i m a t e l y  4 5  d e g r e e s  a n d  t h e  r i g h t  f r o n t
p a s s e n g e r ’ s  s e a t  a b o u t  3 0  d e g r e e s .

MI SC I NFORMAT I ON
Ul - 1 9 8 8  S u z u k i  S a m u r a i  - W e i g h t  2 2 9 1  l b s .  - D e l t a  U 3 3  m p h
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CASE  88-47-222

CASE UEHI CLE: 1 9 7 7  F o r d  L T D  (U2>
CASE UEHI CLE WE1 GHT: 4 4 1 4  lbs.
CASE UEHI CLE DELTA U: 35 mph

CI RCUMSTANCES

60 t h veh i c 1 es Ul a n d  ‘$2 w e r e  t r a v e l i n g  i n  t h e  s a m e  d i r e c t i o n  o n  a
two 1 ane hi ghway . U2 s t o p p e d  t o  m a k e  a  l e f t  t u r n . Ul s t r u c k  U2
i n  t h e  r e a r . U2 w a s k n o c k e d  f o r w a r d  a n d  o n t o  t h e  l e f t  s h o u l d e r
w h e r e  f i r e  b r o k e  o u t  c o m p l e t e l y  b u r n i n g  b a c k  2 / 3 ’ s  o f  v e h i c l e .
T h e  u n r e s t r a i n e d  d r i v e r  r e c e i v e d  a  m i n o r  i n j u r y . He was t a k e n  t o
t h e  h o s p i t a l  a n d  r e l e a s e d . H e  l o s t  n o  t i m e  f r o m  w o r k .

T h e  d r i v e r ’ s s e a t  w a s  d e f o r m e d  b y  t h e  o c c u p a n t !  a p p r o x i m a t e l y  4 5
d e g r e e s  r o t a t i o n ,  w i t h  t h e s e a t  b a c k  c o m m i n g  t o  r e s t  o n  t h e  r e a r
s e a t  c u s h i o n .

T h e  f r o n t  s e a t s  i n  t h e  c a s e  v e h i c l e  were  b u c k e t  s e a t s  w i t h  f o l d i n g
b a c k s .

RESTRAINT AND INJURIES

CASE ClEHI CLE
SEATING POSITION: Driver

S E X :  M a l e
A G E :  3 3
H E I G H T :  7 0  i n .
W E I G H T :  2 0 0  l b s .
RESTRAINT USED: None

INJURIES AIS D/I (%> P R O B A B L E  S O U R C E

L a c e r a t i o n ,  F a c e 1 1 M i r r o r

(Xc) D / I  D i r e c t / I n d i r e c t  I n j u r y  - (1) D i r e c t  C o n t a c t  I n j u r y

SEAT PERFORMANCE
D r i v e r - D e f o r m e d  b y  o c c u p a n t  - l a t e r  b u r n e d

MISC INFORMATION

Ul - 1 9 8 8  T o y o t a / 4  R u n n e r  - W e i g h t  3 2 0 6  l b s .  - D e l t a  U 4 8  m p h



CASE 90-S-067

CASE UEHI CLE: 1983  Dodge Omni  (U2>
CASE UEHI CLE WE1 GHT: 2302 1 bs.
CASE UEHI CLE DELTA V: 30 mph

CI ROUMSTANCES

(Jehicles  1  a n d  2  w e r e  e a s t  b o u n d  o n  a  s t a t e  r o a d , Ul c o n t a c t e d  U2
a t  t h e  r e a r  c a u s i n g s e r i o u s  d a m a g e  t o  t h e  r e a r  o f  t h e  c a r .

T h e  d r i v e r  o f  t h e  c a s e  v e h i c l e  w a s  r e s t r a i n e d  b y  a  l a p / s h o u l d e r
be1 t . H e  r e f u s e d  a n y  t r e a t m e n t .

T h e  d r i v e r ’ s s e a t  w a s  w a s .  s l i g h t l y  d e f o r m e d ,  a p p r o x i m a t e l y  1 5
d e g r e e s  Y d u r i n g  t h e  a c c i d e n t  b y  t h e  o c c u p a n t .

N o  p o i n t s  o f  o c c u p a n t  c o n t a c t  w e r e  n o t i c e d .

T h e  f r o n t  s e a t s i n  t h e  c a e  v e h i c l e  w e r e  b u c k e t  s e a t s  w i t h  f o l d i n g
b a c k s . T h e  h e a d r e s t s w e r e  a d j u s t a b l e  w i t h  n o  d a m a g e  r e p o r t e d .

RESTRAINT AND INJURIES

CASE UEHI CLE
SEATING POSITION: Driver

SE’<: M a l e
A G E :  2 2
H E I G H T :  64 i n .
W E I G H T :  1 5 0  l b s .
RESTRAINT USED: Lap/Shoulder Se1 t

I n j u r i e s  u n k n o w n  - O c c u p a n t  r e f u s e d  t r e a t m e n t

SEAT PERFORMANCE
D r i v e r  - S l i g h t l y  d e f o r m e d  b y  o c c u p a n t  - a b o u t  1 5  d e g r e e s .

MISC INFORMATION

Ul - 1 9 8 3  H o n d a  A c c o r d  - W e i g h t  2 5 1 4  l b s .  - D e l t a  U 27 mph
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C A S E  8 9 - 4 6 - 0 7 0

CASE UEHI CLE: 1 9 8 5  H o n d a  C i v i c  L R X  (U2>
CASE UEHI CLE WE1 GHT: 1 9 2 3  l b s .
CASE UEHI CLE DELTA U: 33 mph

CIRCUMSTANCES

U e h i c l  e s U4, U 3 ,  a n d  U2 h a d  s t o p p e d  a t  a  t r a f f i c  l i g h t . Ul s t r u c k
U2 a n d  p u s h e d  i t  i n t o  U3 w h i c h  i n  t u r n  s t r u c k  U 4 . U2 w a s
underriden  b y  Ul a n d  r o t a t e d s l i g h t l y  c l o c k w i s e  b y  Ul b e f o r e
s t r i k i n g  U3. T h e  p r o p e r l y  r e s t r a i n e d  d r i v e r  r e c e i v e d  i n j u r i e s
f r o m  c o n t a c t  w i t h  t h e  s t e e r i n g  w h e e l . S h e  1  o s  t  1 5  d a y s  o f  w o r k  a s
a  r e s u l t  o f  t h e  a c c i d e n t ,

T h e r e  w a s  s e v e r e  d a m a g e t o  t h e  r e a r  o f  t h e  c a r  b u t  n o  r e p o r t e d
s e a t  f a i l u r e .

T h e  f r o n t s e a t s  i n  t h e  c a s e  v e h i c l e  w e r e  b u c k e t  s e a t s  w i t h  f o l d i n g
s e a t  b a c k s . T h e  h e a d r e s t s  w e r e  a d j u s t a b l e . T h e  d r i v e r ’ s  h e a d r e s t
w a s  d a m a g e d  d u r i n g  t h e  c r a s h  w h i l e  t h e  p a s s e n g e r ’ s  w a s .  n o t .

RESTRAINT AND INJURIES

CASE UEHI CLE
SEATING POSITION: Driver

SEX: Fema 1 e
A G E :  3 7
HEIGHT: d&in.
NEIGHT: 1 1 0  1  bs,
RESTRAINT USED  : Lap/Shou 1 der Gel t

I NJORI  ES AIS PROBABLE SOURCE

Concussion , Head 2
F r a c t u r e ,  N e c k 2
S t r a i n ,  N e c k 1
C o n t u s i o n ,  F a c e 1
C o n t u s i o n ,  C h e s t 1
S t r a i n ,  B a c k 1
Contusion,  Abdomen 1
Knee , C o n t u s i o n 1
A n k l e  (l-t>,  C o n t u s i o n  1
A n k l e  (Lt), C o n t u s i o n  1
A n k l e  (Fit>, C o n t u s i o n  1
A n k l e  (Rt), C o n t u s i o n  1

1 S t e e r i n g  W h e e l
3 Noncon  tat t
3 Noncon  tat t
1 S t e e r i n g  W h e e l
1 S e a t  Be1 t
1 S e a t  B a c k
1 S e a t  Be1 t
1 Lt. Instr. P a n e l
1 F o o t  C o n t r o l s
2 F o o t  C o n t r o l s
1 F o o t  C o n t r o l  s
2 F o o t  C o n t r o l  s

(X> D / I - D i r e c t / I n d i r e c t  I n j u r y  - cl> D i r e c t  C o n t a c t  I n j u r y ,  (2)
I n d i r e c t  C o n t a c t  I n j u r y , a n d  (32 N o n c o n t a c t  I n j u r y

*f 0 8 6



CASE 8 9 - 4 6 - 0 7 0  i CONTj

SEAT PERFORMANCE
I?r i v e r - N o  r e p o r t e d  f a i l u r e

MI SC I NFORMAT  I ON
Ul - 1987 BMW 324 - D e l t a  U 2 1  m p h - W e i g h t  3 0 3 1  l b s .
u3 - 1 9 8 4  N i s s a n  S e n t r a
u4 - 1 9 8 7  C h r y .  LeBaron

N o t e  - S i n c e  U2 s t r u c k  U3, s t e e r i n g  w h e e l  i n j u r i e s  c o u l d  b e  r e s u l t
o f  t h e  f r o n t a l  i m p a c t  a n d  n o t  n e c e s s a r i l y  r e b o u n d  f r o m  t h e  r e a r
i m p a c t .

0 8 7



CASE 89-12-891

CASE UEHI CLE: 1786 B u i c k  S k y l a r k  (U2)
CASE VEHICLE WEIGHT: 2475  1  bs .
CASE VEHICLE DELTA V: 35 mph

C I RCUMSTANCES

V e h i c l e  2  w a s  s t o p p e d  a t  a  t r a f f i c  l i g h t  w h e n  s t r u c k  b y  v e h i c l e  1 .
T h e  r e a r  o f  U2 u n d e r w e n t  s e v e r e  d a m a g e . T h e  unres.trained  d r i v e r
o f  t h e  c a s e  v e h i c l e  w a s  s e r i o u s l y  i n j u r e d  a n d  w a s  s t i l l
h o s p i t a l i z e d  w h e n  t h e  a c c i d e n t  r e p o r t  w a s  r e l e a s e d . H e  s u s t a i n e d
f o u r  b r o k e n  r i b s  a n d  a  b r o k e n  c l a v i c l e . T h e  f r o n t  s.eat p a s s e n g e r
recieved  m i n o r  i n j u r i e s , w a s  t r e a t e d  a t  a  h o s p i t a l  ,  a n d  l o s t  s e v e n
d a y s work .

B o t h  f r o n t s e a t s  w e r e  d e f o r m e d  r e a r w a r d  b y  i m p a c t  f o r c e  l o a d e d  b y
t h e  o c c u p a n t s . T h e  b e n c h  s e a t  r o t a t e d  a p p r o x i m a t e l y  50 d e g r e e s .

T h e  headreE.ts i n  t h e  c a s e  v e h i c l e  w e r e  i n t e g r a l  w i t h  w i t h  t h e
s e a t s  w i t h  n o  d a m a g e  r e p o r t e d .

RESTRAINT AND INJURIES

CASE VEHICLE
SEATING POSITION: Driver

SEX: Ma1 e
A G E :  d2
AEIGHT: 15’0 lbs.
H E I G H T :  7 2  i n .
RESTRAINT USED : None

I NJUR I ES AIS D/I (31 PROBABLE S@URCE

C o n t u s i o n 9 C h e s t
F r a c t u r e , S h o u l d e r
F r a c t u r e ,  R i b s  a n d  C l a v i c a l

3 7 Unknown
2 7 Unknown
2 1 L e f t  A r m  R e s t

SEATIbJG P O S I T I O N :  R i g h t  F r o n t  P a s s e n g e r
S E X :  F e m a l e
A G E :  5 4
H E I G H T :  6 5  i n .
W E I G H T :  1 9 4  l b s .
RESTRAINT USED: None

INJURIES AIS D/I (W>

S t r a i n ,  N e c k 1 2
C o n t u s i o n ,  P e l v i s 1 1
C o n t u s i o n ,  blhol  e body 1 7

PROBABLE SOURCE

H e a d  r e s t
S e a t  B a c k
Unknown
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CASE  83-12-~911:CO~JTj

t x j D/ I - D i r e c t / I n d i r e c t  I n j u r y  - (li D i r e c t  C:ontact  I n j u r y  - (2)
I n d i r e c t  C o n t a c t  I n j u r y , a n d  (7) U n k n o w n  S o u r c e

SEAT PERFORMANCE
Bench  seat - S e a t  a d j u s t e r s  f a i  1  e d - s e a t  a n c h o r s  f a i l e d  - s e a t
d e f o r m e d  b y  o c c u p a n t s  - t h e  s e a t  r o t a t e d  a b o u t  5 0  d e g r e e s .

MI SC’ IbJFORFlATI  01.1

1)l - 1987 GMC JII-WY - 3298 1 bs. - Del ta U 29 mph
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C A S E  9 0 - 4 7 - 1 0 0

CASE VEHICLE: 1988 FORD TEMPO (V2>
CASE VEHICLE WEIGHT: 3 1 6 7  l b s
CASE VWEHICLE DELTA U: 31 mph

CIRCUMSTANCES

V e h i s l e s 1  a n d  2  w e r e  t r a v e l i n g  o n  a  b r i d g e . T h e  f r o n t  o f  Vl
s t r u c k  t h e  b a c k  o f  V 2 . Vl t h e n  s t r u c k  a  c u r b  o n  t h e  r i g h t  a n d  V 2
s t r u c k  t h e  b r i d g e  r a i l  a n d  r o t a t e d  a n d  w a s struck f r o m  b e h i n d  b y
t h e  f r o n t  o f  V 3 . V 2  h a d  t w o  r e a r  i m p a c t s  t o  t h e  s a m e  a r e a . F i r s t
i m p a c t  w a s  m i n o r , t h e  s e c o n d  i m p a c t  w a s  m o s t  s e v e r e .

T h e r e  w e r e  f o u r  o c c u p a n t s  i n  t h e  c a s e  vehicle. T h e  f r o n t  s e a t
o c c u p a n t s w e r e  r e s t r a i n e d  b y  t h e  l a p / s h o u l d e r  be1 ts, t h e  l e f t  r e a r
o c c u p a n t  b y  t h e  l a p  b e l t , a n d  t h e  r i g h t  r e a r  o c c u p a n t  w a s
u n r e s t r a i n e d . All o c c u p a n t s  r e c e i v e d  m i n o r  icoded AIS l>
i n j u r i e s , a l  t h o u g h  t h e  l e f t  r e a r  o c c u p a n t ’ s  i n j u r y  w a s  c o d e d  a s  a
f r a c t u r e d  f a c e .

T h e  r i g h t  f r o n t  s e a t  w a s  r o t a t e d  r e a r w a r d  a p p r o x i m a t e l y  3 5  d e g r e e s
b y  i t s  o c c u p a n t  d u r i n g  t h e  c r a s h  e v e n t .

T h e  f r o n t  s e a t s i n  t h e  c a s e  v e h i c l e  w e r e  b u c k e t  s e a t s  w i t h  f o l d i n g
s e a t  b a c k s . T h e  h e a d r e s t s  w e r e  a d j u s t a b l e  w i t h  n o  d a m a g e
r e p o r t e d .

RESTRAINT AND INJURIES

CASE UEHI CLE
SEATING POSITION: Driver

S E X :  M a l e
A G E :  2 3
HEIGHT 65 in .
W E I G H T :  1 7 5  l b s .
RESTRAINT USED:  Lap/Shoulder  Be1 t

INJURIES AIS D/I (%) PROBABLE SOURCE

S t r a i n ,  B a c k 1 3

S E A T I N G  P O S I T I O N :  R i g h t  F r o n t  P a s s e n g e r
S E X :  F e m a l e
A G E :  3 2
H E I G H T :  6 6  i n .
W E I G H T :  1 2 0  l b s .
RESTRAINT USED: Lap/Shou 1 der Eel t

I m p a c t  F o r c e

IC
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CASE 90-47-100(CONT>

INJURIES AIS D/I (%> PROBABLE SOURCE

C o n t u s i o n ,  S h o u l d e r 1 1 S e a t  B a c k
C o n t u s i o n ,  F a c e 1 1 Sunvi sor
S t r a i n ,  B a c k 1 3 I m p a c t  F o r c e

S E A T I N G  P O S I T I O N :  L e f t  R e a r  P a s s e n g e r
S E X :  M a l e
A G E :  3 4
H E I G H T :  6 8  i n .
W E I G H T :  1 9 0  l b s .
RESTRCiINT  U S E D :  L a p  Gel t

I NJUR I ES AIS D/I (X> PROGABLE SOURCE

C o n t u s i o n  EackY 1 1 S e a t  B a c k
L a c e r a t i o n ,  H e a d 1 3 Fl yi no Gl ass
F r a c t u r e ,  F a c e 1 1 Back o f  f r o n t  s e a t

SEATItkJG  POSITIOI~J:  R i g h t  R e a r  S e a t
SEX : Femal e
A G E :  2 6
H E I G H T :  5 9  i n ,
NE1 GHT: 150 1 bs.
RESTRAIbJT  USED:  None

It\JJURI  ES AIS D/I (X> PROEAtLE  SOURCE

A b r a s i o n ,  K n e e
A b r a s i o n ,  L e g
S t r a i n ,  B a c k

1
1
3

S e a t  B a c k
S e a t  B a c k
Impact

(%> D/I - D i r e c t / I n d i r e c t  I n j u r y  -
(3) N o n c o n t a c t  I n j u r y

(1) D i r e c t  C o n t a c t  I n j u r y ,  a n d

SEAT PERFORMANCE

D r i v e r - N o  r e c o r d e d  f a i l u r e
R i g h t  F r o n t  P a s s e n g e r  - D e f o r m e d  b y  o c c u p a n t
L e f t  R e a r  P a s s e n o e r  a n d  R i g h t  R e a r  P a s s e n g e r  - I n t r u s i o n  f r o m

r e a r

MI SC INFORMATION

Vl - 1 9 8 9  F o r d  C r o w n  V i c t o r i a
v 3  - 1987 Dodge Car avan w
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C A S E  8 8 - 4 4 - 1 1 3

CASE UEHI CLE: 1985 FORD EXP (V2)
CASE VEHI CLE WE1 GHT: 2 2 1 2  l b s .
CASE VEHICLE DELTA V: 30 mph

CIRCUMSTANCES

V e h i c l e s  1  a n d  2  w e r e  t r a v e l i n g  i n  t h e  s a m e  d i r e c t i o n  o n  a  f o u r
l a n e  c i t y  s t r e e t . V2 stoped t o  t u r n  l e f t . Vl i m p a c t e d  t h e  r e a r
o f  V 2  a t a p p r o x i m a t e l y  4 5  m p h  w i t h o u t  b r a k i n g . V 2  r o t a t e d  1 8 0
d e g r e e s  c o u n t e r  c l o c k w i s e  a n d  c a m e  t o  r e s t  i n  l a n e  o f  o n c o m i n g
t r a f f i c . T h e  r e a r  e n d  o f  V 2  w a s  s e v e r e l y  d a m a g e d .

The l a p / s h o u l d e r  b e l t e d  d r i v e r  a n d  p a s s e n g e r  o f  U2 r e c e i v e d  m i n o r
i n j u r i e s . T h e  o c c u p a n t s  w e r e  t r e a t e d  a t  a  h o s p i t a l  a n d  r e l e a s e d .
B o t h  o c c u p a n t s l o s t  1 0  d a y s  o f  w o r k .

T h e  f r o n t  s e a t  b a c k s  w e r e  r o t a t e d  r e a r w a r d  a p p r o x i m a t e l y  3 0
degr eec.,

T h e  f r o n t  s.eats i n  t h e  c a s e  v e h i c l e  w e r e  b u c k e t  s e a t s  w i t h  f o l d i n g
s e a t  b a c k s . T h e  h e a d r e s t s w e r e  a d j u s t a b l e  w i t h  n o  d a m a g e
r e p o r t e d .

RESTRAINT AND INJURIES

CASE VEHICLE
SEfiTING POSIT1 ON:  Driver

SEX: Ma1 e
A G E :  1 9
WEIGHT: 200 1 bs.
H E I G H T :  7 3  i n .
RESTRAINT USED: Lap/Shoulder  Be1 t

INJURIES AIS D/i (X> PROBABLE SOURCE

L a c e r a t i o n ,  f a c e
S t r a i n ,  n e c k
Con tus i  on  Knee,
L a c e r a t i o n  ,wrist

1 3 Fl yi ng Gl ass
1 3 Impac t
1 1 S t e e r i n g Wheel
1 3 F l y i n g  g l a s s

SEATING POSIT1 0J.J: Ri gh t  Front Passenger
S E X :  M a l e
AGE:  31
H e i g h t :  7 1  i n .
bJEIGHT:  2 3 0  lbs.
RESTRAIPJT USED: Lap/Shoulder Eel t

‘.
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IbJJURI ES AIS D/I (X) PROBABLE SOURCE

C o n t u s i o n ,  k i d n e y

Abr asi P e 1 v i 5o n ,
L a c e r a t i o n ,  F a c e
S p r a i n ,  a n k l e

B r o o m  s t i c k  f r o m
back s e a t
(Same as  above>
F l y i n g  Gl a s s
Unknown

(Xi D / I  D i r e c t / I n d i r e c t  I n j u r y  - (1) D i r e c t  C o n t a c t  I n j u r y ,  (3)
N o n c o n t a c t  I n j u r y , a n d  (7) U n k n o w n  S o u r c e

SEAT PERFORMANCE
Dr i ver - S e a t  b a c k  l o c k  f a i l e d  - r o t a t e d  a p p r o x i m a t e 1  y  3 0  d e g r e e s .
P a s s e n g e r - R e p o r t  n o t e s  n o  f a i l u r e  - P h o t o s  s h o w  a b o u t  3 0  d e g r e e s
o f  d e f l e c t i o n .

MISC INFORMATION

Vl - 1 9 8 4  D a t s u n  M a x i m a  - W e i g h t  2 8 8 0  l b s .  - D e l t a  U 2 6  m p h

I I

t
I
I
t
I
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CASE 89-45-  12 1

CASE VEHICLE: 1987 FORD TEMPO (‘J2)
CASE VEHI CLE WE1 GHT: 2 6 0 2  l b s .
CASE VEHICLE DELTA V: 30 mph

CIRCUMSTANCES

V e h i c l e  3  w a s s t o p p e d ,  p r e p a r i n g  t o  t u r n  l e f t  accross t w o  l a n e s  o f
t r a f f i c  o n  a  f o u r  l a n e  h i g h w a y . V e h i c l e  2  w a s  s t o p p e d  b e h i n d
v e h i c l e  3 . V e h i c l e  1  c a m e  f r o m  b e h i n d  a n d  s t r u c k  V 2  i n  t h e  r e a r .
T h i s  f o r c e d  V 2  i n t o  t h e  r e a r  o f  V 3 . T h e  u n r e s t r a i n e d  d r i v e r  i n
t h e  c a s e  v e h i c l e ,  v2, w a s  u n r e s t r a i n e d  a n d  r e c e i v e d  m i n o r
i n j u r i e s . H e  r e c e i v e d  n o  t r e a t m e n t . V 2  s u s t a i n e d  s e v e r e  r e a r  e n d
damage. T h e  d r i v e r ’ s  s e a t  b a c k  f o l d i n g  l o c k s  a n d  s e a t  a d j u s t m e n t
t r a c k s f a i l e d . T h e  s e a t  b a c k  r o t a t e d  r e a r w a r d  approxma.tely  4 0
d e g r e e s .

T h e  s e a t s  i n  t h e  c a s e  v e h i c l e  w e r e  b u c k e t  s e a t s  w t i h  f o l d i n g
b a c k s , a n d  t h e  h e a d r e s t s  w e r e  a d j u s t a b l e  w i t h  n o  d a m a g e  reported.

RESTRAINT GND INJURIES

CASE IJEHI CLE
SEATING POSIT1 01.1:  Driver

SEX : Ma1 e
A G E :  3 7
kJEIGHT:  1 4 0  lbs.
H E I G H T :  6 5  i n .
RESTRAINT USED : None

INJURIES AIS D/ I ( # > PROBABLE SOURCE

L a c e r a t i o n ,  F a c e
C o n t u s i o n ,  C h e s t

1 1 W i n d s h i e l d
1 1 S t e e r i n g  W h e e l

(W) D/I D i r e c t / I n d i r e c t  I n j u r y  - (1) D i r e c t  C o n t a c t  I n j u r y

SEAT PERFORMANCE
D r i v e r - S e a t  b a c k  f o l d i n g  l o c k s  a n d  s e a t  track  f a i l e d .

MISC INFORMATION

Vl - 1 9 7 1  F o r d  Torino W a g o n  - W e i g h t  3 7 6 8  l b s .  - D e l t a  V 21 mph
v 3  - 1 9 8 5  L i n c o l n  M a r k  V I I  - W e i g h t  4 0 1 5  - D e l t a  V  1 1  m p h

N o t e : T h e  c a s e  v e h i c l e  w a s  i n v o l v e d  i n  a  f r o n t a l  i m p a c t  f o l l o w i n g
t h e  r e a r -  i m p a c t .
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CASE 134

CASE VEHICLE: 1 9 8 3  B u i c k  R e g a l  (V2>
CASE VEHICLE WE1 GHT: 3 4 7 2  P o u n d s
CASE VEHICLE DELTA V: 37 mph

CIRCUMSTANCES

V e h i c l e  2  w a s s t o p p e d  a t  t h e  b o t t o m  o f  a  h i l l  a t  a n  i n t e r s e c t i o n .
V e h i c l e  1  h i t  V e h i c l e  2  i n  t h e  r e a r .

D u r i n g  t h e  i m p a c t  b o t h  o f  V2’s f r o n t  s e a t s  d e f l e c t e d  ( r o t a t e d >  5 4
- 6 0  d e g r e e s  r e a r w a r d . T h e  v e h i c l e  s u s t a i n e d  s e v e r e  r e a r  d a m a g e .

N e i  t h e r  t h e  d r i v e r  o r  t h e  f r o n t sea.t  p a s s e n g e r  w e r e  r e s t r a i n e d .

T h e  d r i v e r  s u s t a i n e d  m i n o r  i n j u r y  a n d  t h e  f r o n t  s e a t  p a s s e n g e r  n o
i n j u r i e s . T h e  d r i v e r  w a s  t r a n s p o r t e d  t o  a  t r a u m a  c e n t e r  a n d
r e l  e a s e d . I t  i s  n o t  k n o w n  i f  h e  l o s t  a n y  d a y s  f r o m  w o r k .

T h e  f r o n t  s e a t  o f  t h e  c a s e  v e h i c l e  w a s  a  s p l  i t  b e n c h  s.eat w i t h
a d j u s t a b l e  h e a d r e s t , T h e r e  w a s n o  r e p o r t e d  da.mage t o  t h e
h e a d r e s t s .

RESTRA I NT fvm 1 rum 1 ES

CASE VEHICLE
SECiTING  P O S I T I O N :  D r i v e r

SEX ; Ma1 e
AGE:  20
RESTRAINT USED: None

INJURIES

C o n t u s i o n ,  c h e s t  w a l  1

SEAT LOCATION: Right  Front
S E X :  M a l e
A G E :  9

AIS PROBABLE SOURCE

1 S t e e r i n g  W h e e l

T h i s o c c u p a n t  w a s u n r e s t r a i n e d  a n d  r e c e i v e d  n o  i n j u r y .

SEAT PERFORMANCE
Both s e a t s
d e g r e e s .

c o d e d  d e f o r m e d  b y  o c c u p a n t  i m p a c t  - a p p r o x i m a t e l y  6 0

MI SC INFORMATI Of,J
Vl - 1 9 8 8  F o r d  T h u n d e r b i r d  - W e i g h t  3 5 3 7  l b s .  - D e l t a  ?, 3 6  m p h
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CASE SF’-77- l&,0

CASE IJEHI C:LE : 1 9 7 7  ?IlrJ R a b b i  t  (‘Jli
CSAE VEHICLE WEIGHT: 2 0 1 5  l b s .
CASE VEHICLE DELTA V: 36 mph

CIRCUMSTANCES

V e h i c l e  Vl h a d  s l o w e d  d o w n  f o r  a  parKed v e h i c l e  i n  t h e  c u r b  l a n e
o f  a  s i x l a n e  r o a d  ( t h r e e  e a c h  d i r e c t i o n >  w h e n  h i t  i n  t h e  r e a r  b y
v 2 . ‘St a n d  V 2  c a m e  t o  r e s t  i n  t h e  c e n t e r  l a n e . T h e  d r i v e r  o f  t h e
c a s e  v e h i c l e ,  w h o s e s e a t  b e l t  r e l e a s e d  ( b u t t o n  p o p p e d  o u t )  d u r i n g
t h e  a c c i d e n t  r e c e i v e d  m i n o r  i n j u r i e s . T h e  s e a t  b a c k  f a i l e d  f r o m
i m p a c t  b y  t h e  o c c u p a n t  ( a p p r o x i m a t e l y  6 0  - 7 0  d e g r e e s  o f  r o t a t i o n >
a n d  c a m e  t o  r e s t  o n  t o p  o f  t h e  r e a r  s e a t  c u s h i o n .

T h e  f r o n t  s e a t s  i n  t h e  c a s e  v e h i c l e  w e r e  b u c k e t  s e a t s  w i t h
a d j u s t a b l e  h e a d r e s t s . N o  d a m a g e  w a s r e p o r t e d  o n  t h e  h e a d r e s t s .

RESTRAINT AND INJURIES

CASE VEHICLE
SEATING POSIT1 ON: Driver

S E X :  F e m a l e
A G E :  1 9
H E I G H T :  6 9  i n .
W E I G H T :  1 5 5  l b s .
RESTRAINT USED : L a p / S h o u l d e r  Belt b u t  r e l e a s e d  d u r i n g  c r a s h

INJURIES AIS D/I (%> PROBABLE SOURCE

C o n t u s i o n ,  F o r e a r m s 1 1 L e f t  I n s t r .  P a n e l
C o n t u s i o n ,  H e a d 1 1 H e a d r e s t
C o n c u s s i o n , Head 1 1 H e a d r e s t

(W) D/I D i r e c t / I n d i r e c t  I n j u r y  - (1) D i r e c t  C o n t a c t  I n j u r y

SEAT PERFORMANCE
D r i v e r - S e a t  b a c k  b r o k e  f r o m  d r i v e r  i m p a c t

MI SC INFORMATI  ON
v 2  - 1 9 7 7  O l d s  C u t l a s s  - W e i g h t  4 3 5 5  l b s .  - D e l t a  V  1 7  m p h
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CASE 90-45-232

CGSE VEHICLE: 1986 C h e v r o l  e t  S p e c t r u m  (V2i
CASE VEHICLE WEIGHT: 2 3 1 4  P o u n d s
CASE VEHICLE DELTA V: 39 mph

CI RCUMSTANCES

V e h i c l e s  1,2,and 3 w e r e  t r a v e l i n g  o n  a n  i n t e r s t a t e  h i g h w a y  i n  t h e
f i r s t  l a n e . V e h i c l e s  2  a n d  3  h a d  s l o w e d  d o w n  f o r  t r a f f i c
c o n g e s t i o n  w h e n  v e h i c l e  1 s t r u c k  t h e  r e a r  o f  v e h i c l e  2  a n d  p u s h e d
i t  i n t o  v e h i c l e  3 . After i n i t i a l  i m p a c t  Vl r o t a t e d  c l o c k w i s e  i n t o
v e h i c l e  V4’s p a t h  o f  t r a v e l  i n  t h e  s e c o n d  l a n e . V e h i c l e  2
s u s t a i n e d  s e v e r e  r e a r  e n d  d a m a g e . T h e r e  w e r e  f o u r  o c c u p a n t s  i n
t h e  c a s e  v e h i c l e . T h e  t w o  f r o n t  s e a t  o c c u p a n t s  w e r e  restra.ined  b y
l a p / s h o u l d e r  be1 ts a n d  t h e  t w o  r e a r  s e a t  o c c u p a n t s  w e r e  r e s t r a i n e d
b y  l a p  b e l t s . T h e  d r i v e r  s u s t a i n e d  a  AIS 2  h e a d  i n j u r y , t h e  r i g h t
f r o n t  p a s s e n g e r  a n d  l e f t  r e a r  p a s s e n g e r  s u s t a i n e d  AIS 1  ( m i n o r >
i n j u r i e s . , a n d  t h e  r i g h t  r e a r  p a s s e n g e r  n o  i n j u r i e s . Al 1  o c c u p a n t s
w e r e  t r a n s p o r t e d  t o  t h e  h o s p i  t a l  a n d  r e l e a s e d . T h e  d r i v e r  l o s t  1 5
d a y s  o f  war%  .

T h e  r e p o r t  n o t e s  n o  f r o n t  s e a t  f a i l u r e , h o w e v e r  t h e  r i g h t  f r o n t
s e a t  a p p e a r s  t o  b e  r o t a t e d  r e a r w a r d  a p p r o x i m a t e l y  2 0  d e g r e e s  p a s t
i  t s  n o r m a l  p o s i  tion. T h e  r e a r  s e a t  w a s  p u s h e d  f o r w a r d  b y
i n t r u s i o n ,  w i t h  t h e s e a t  b a c k  r e s t i n g  a g a i n s t  t h e  b a c k  o f  t h e
d r i v e r ’ s  s e a t .

T h e  f r o n t  s e a t s  o f  t h e  c a s e  v e h i c l e  w e r e  b u c k e t  s e a t s  w i t h  f o l d i n g
s e a t  b a c k s a n d  a d j u s t a b l e  h e a d r e s t s  w i  th n o  d a m a g e  r e p o r t e d .

RESTRAINT AND I NJURI ES

CASE VEHICLE
SEATING POSITION: DRIVER

SEX : Fema 1 e
AGE:  30
H E I G H T :  6 3  i n .
W E I G H T :  2 3 0  l b s .
RESTRAINT USED: Lap/Shou 1 der Be1 t

INJURIES AIS D/I (X>

C o n t u s i o n ,  H e a d ,
WMemor y L o s s

C o n t u s i o n ,  S c a l p
C o n t u s i o n ,  F o r e h e a d
C o n t u s i o n ,  R i g h t  A r m
C o n t u s i o n , R i g h t  blrist
C o n t u s i o n ,  L e f t  L e g
S t r a i n ,  B a c k

2 1

1 1
1 1
1 1
1 1
1 1
1 3

PROGAbLE  SOURCE

S t e e r i n g  W h e e l

H e a d  R e s t r a i n t
S t e e r i n g  Wheel
S t e e r i n g  blheel
S t e e r i n g  W h e e l
L e f t  I n s t r .  P a n e l
Unknown
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CASE ?0-45-232(  COhJT>

SEAT LOCATION: Right  Front
S E X :  F e m a l e
A G E :  2 9
H E I G H T :  6 1  i n s .
WEJOHT: 2 0 0  lbs.
RESTRAINT USED: Lap/Shoulder Be1 t

INJURIES AIS D.J’ I ( x >

L a c e r a t i o n s ,  F a c e 1 3
Abr asi Faceo n s , 1 1
Con tusi ens and kbrasi  ons, 1 7
Who1  e Body

PROBABLE SOURCE

F l y i n g  G l a s s
H e a d  R e s t r a i n t
U n 1,:  n ow n

SEAT LOCAT I OhJ : L e f t  R e a r  S e a t
S E X :  M a l e
A G E :  3
RESTRAINT USED: Lap Be1 t

I NJClR I ES AIS 0, I ( ?c > PROEAOLE CAUSE

Abras.i ons and Con tus.i ons,
Seal  p
A b r a s i o n ,  L e f t  E a r

1 1 S e a t , i n t r u d i n g
f r o m  r e a r

1 1 s e a t

SEAT LOCATION: Right Rear
SEX: Fema 1 e
A G E :  5
RESTRAINT USED: Lap Be1 t

N O  I n j u r i e s

(%i D / I  D i r e c t / I n d i r e c t  I n j u r y  - (1) D i r e c t  C o n t a c t  I n j u r y ,  (31
N o n c o n t a c t  I n j u r y , a n d  (7) U n k n o w n  S o u r c e

N o t e : S i n c e  t h i s  c a r  w a s  i n v o l v e d  i n  m u l t i p l e  i m p a c t s ,  i t  w o u l d  b e
h a r d  t o  d e t e r m i n e  h o w  t h e  d r i v e r  w a s  f o r c e d  i n t o  t h e  s t e e r i n g
wheel .

SEAT PERFORMANCE
T h e  a c c i d e n t  r e p o r t  n o t e s  n o  s e a t  f a i l u r e s ,  h o w e v e r  t h e  r i g h t
f r o n t  s e a t  a p p e a r s t o  b e  r o t a t e d  a p p r o x i m a t e l y  2 0  d e g r e e s  b e y o n d
i t s n o r m a l  p o s i  t i o n .

qd
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CASE 90 -45-232 ( CONTi

MI SC INFORMATI ObJ

Vl - 1978 Chevy Van - D e l t a  V  21 m p h - W e i g h t  4 2 0 9  l b s .
v 3  - 1986 Chevy Van
v 4  - 1 9 8 5 N i s s a n  P u l s a r

I -.-- -,r\
I
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CASE 262

I
1

CASE ‘JEHI CLE: 1 9 8 7  H o n d a  C i v i c  (U2>
CASE VEHICLE WEIGHT: 1 8 8 7  l b s .
CASE UEHI CLE DELTA U: 38 mph

t CI RCUMSTANCES

I
1
I

V e h i c l e  2  w a s s t o p p e d  i n  t h e  l e f t  l a n e  o f  a  f o u r  l a n e  h i g h w a y
p r e p a r i n g  t o  t u r n  l e f t . V e h i c l e  1 s t r u c k  ‘$2 f r o m  b e h i n d . U2 w a s
d r i v e n  accross b o t h  l a n e s  o f  o n c o m i n g  t r a f f i c ,  r o t a t i n g  c o u n t e r
c l o c k w i s e , a n d  c o m i n g  t o  r e s t  a g a i n s t  a  p a r k e d  c a r .

T h e  r e a r  o f  V2 ~5.5.  s e v e r e 1  y d a m a g e d . T h e  d r i v e r ’ s  s e a t  b a c k  w a s .
d e f l e c t e d  r e a r w a r d  a p p r o x i m a t e l y  3 8  d e g r e e s  b y  t h e  i m p a c t  f o r c e .

T h e  u n r e s t r a i n e d  d r i v e r  r e c e i v e d  a  f r a c t u r e d  p e l v i s ,  w a s
h o s p i t a l  i z e d  s e v e n  d a y s , a n d  h a d  n o t  r e t u r n e d  t o  w o r k  a t  t h e  t i m e
t h e  r e p o r t  w a s  r e l e a s e d .

t
t
t
I
I
t
1
t
I
t
I

T h e  s.eats i n  t h e  cas.e  v e h i c l e  w e r e  b u c k e t s e a t s  w i t h  f o l d i n g  s e a t
ba.cks a n d  ad.justabl  e  h e a d r e s t s . . T h e r e  w a s  n o  r e p o r t e d  d a m a g e  t o
t h e  h e a d r e s t s .

RESTRAINT AND INJURIES

CASE UEHI CLE
SEATING POSIT1 ON: Driver

SEX: MALE
A G E :  2 4
H E I G H T :  7 3  i n .
W E I G H T :  1 8 8  lbs.

I NJUR  I ES AIS D/I (Z> PROBABLE SOURCE

F r a c t u r e ,  P e l v i s 7 7 Unknown
C o n t u s i o n ,  A r m ,  H e a d 1 7 Un I: n own

(X) D / I  D i r e c t / I n d i r e c t  I n j u r y  - (7) U n k n o w n  S o u r c e

SEAT PERFORPlkNCE
D r i v e r ’ s  s e a t  d e f o r m e d  b y  p a s s e n g e r  c o m p a r t m e n t  i n t r u s i o n .

MI SC INFC~RMATI  ON

Ul - 15’77 01 ds Omega - W e i g h t  3 4 5 4  l b s .  - D e l t a  U 2 2  m p h

1 0 3



CASE 88-45-262(  CC@JT)
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APPENDIX D

Thirty-one Rear Impacts

NASS 1988-  1992
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CASE 8P-4 l-008

CASE UEHI CLE: 1 9 8 9  C h r y  LeBaron  C o n v e r  tab1 e ,  2-Door(U2i
CASE UEHI CLE WE1 GHT: 2 8 6 0  l b s .
CASE VEHICLE DELTA U: 15 mph

CIRCUMSTANCES

Ul w a s  t r a v e l i n g  o n  a  s t a t e  r o a d  g o i n g  a p p r o x i m a t e l y  4 5  m p h . ($2
a n d  U3 w e r e  s t o p p e d  i n  t h e  l e f t  1  a n e . Ul r e a r  e n d e d  U2 o n  r i g h t
r e a r s i d e . U2 w a s p u s h e d  i n t o  U 3 . U2 r e c e i v e d  m o d e r a t e  r e a r
damage.

T h e  c a s e  v e h i c l e  w a s b e i n g  d r i v e n  w i t h  t h e  .convertable t o p  d o w n .

T h e  c a s e  v e h i c l e  w a s e q u i p p e d  w i t h  a  d r i v e r  s i d e  a i r  b a g . Both
f r o n t  s e a t  o c c u p a n t s  w e r e u s i n g  t h e i r  l a p / s h o u l d e r  be1 t s . T h e  a i r
b a g  f u n c t i o n e d  p r o p e r l y  a l t h o u g h  t h e  d r i v e r  compla.ined  o f  a  b u r n .
T h e  be1 t e d  r i g h t  f r o n t  p a s s e n g e r r e c e i v e d  t h r e e  b r o k e n  r i b s  f r o m
t h e  s h o u l d e r  be1 t a n d  w a s h o s p i t a l i z e d  f o r  f o u r  d a y s .  T h e  r i g h t
s i d e  w i n d o w  s h a t t e r e d  d u r i n g  t h e  c r a s h .

T h e  f r o n t  s e a t s  o f  t h e  c a s e  v e h i c l e  w e r e  b u c k e t  s e a t s  w i t h  f o l d i n g
s e a t  b a c k s  a n d  a d j u s t a b l e  h e a d r e s t s . There was. no r epor ted damage
t o  t h e  h e a d r e s t s . T h e  d r i v e r ’ s s e a t  r o t a t e d  a p p r o x i m a t e l y  6 0
d e g r e e s a f t  d u r i n g  t h e  c r a s h .

RESTRA I NT AF.JD I NJUR I ES

CASE VEHICLE
SEATING POSITION: Driver

S E X :  M a l e
A G E :  3 9
H E I G H T :  7 1  i n .
l,+JEIGHT:  1 9 7  lbs.
RESTRAINT USED: L a p / S h o u l d e r  be1 t  t  A i r  B a g

INJURIES 41s D/I (X> PROBABLE  SOURCE

S t r a i n ,  N e c k
S t r a i n ,  B a c k
C o n t u s i o n ,  T h i g h
B u r n ,  T h i g h

1 1 S e a t  Be1 t
1 1 S e a t  B a c k
1 1 S t e e r i n g Wheel
1 3 A i r  B a g

S E A T I N G  P O S I T I O N :  R i g h t  F r o n t  P a s s e n g e r
SEX : Fema 1 e
A G E :  4 2
H E I G H T :  6 1  i n .
W E I G H T :  1 3 5  l b s .
RESTRAINT USED:  Lap/Shoulder  Be1 t 107



CASE 89-41-008iCOI\JT)

INJURIES AIS D/I i %) PROBABLE SOURCE

L a c e r a t i o n ,  F a c e 1 3 Fl yi  ng Gl ass
L a c e r a t i o n ,  T h i g h 1 3 Fl y i n g  G l a s s
Lacet i  on, Leg 1 3 Fl y i n g  G l a s s
F r a c t u r e , T h r e e  R i b s 2 1 Be1 t  Webbing

(k’) D/I D i r e c t / I n d i r e c t  I n j u r y  - cl> D i r e c t  C o n t a c t  I n j u r y ,  a n d
(3) N o n c o n t a c t  I n j u r y

SEAT PERFORMANCE
D r i v e r ’ s  S e a t  - S e a t  b a c k  f o l d i n g  l o c k s  f a i l e d
R i g h t  F r o n t  P a s s e n g e r ’ s  s e a t  - N o  f a i l u r e

MI SC INFORMATION

t
Ul 1 9 8 2  C h e v r o l e t  S t a t i o n  W a g o n  - 4 1 8 5  l b s .  - D e l t a  U 1 1  m p h
U3 1 9 8 5  C h e v r o l e t  P i c k u p

I c/45c’ 89-a/-008
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C&SE 88-45-089

CASE UEH I CLE : 1 9 7 9  M e r c e d e s 2 8 0  C E ,  2 - D o o r  (U2)
CASE UEHI CLE WE1 GHT: 3 5 3 0  lbs.
CASE UEHI CLE DELTA U: 20 mph

CIRCUMSTANCES

‘Jehicle  l ’ s  b r a k e s f a i l e d  c a u s i n g  i m p a c t  t h e  r e a r  o f  U 2 ,  p u s h i n g
U2 i n t o  U 3 . U2 a n d  U 3  w e r e  StOpped a t  a  t r a f f i c  s i g n a l .  U2’s
f r o n t  s e a t s  w e r e  b u c k e t  s e a t s  with f o l d i n g  s e a t  b a c k s . T h e  f r o n t
s e a t  h e a d r e s t s  w e r e  a d j u s t a b l e . T h e r e  w e r e  n o  r e p o r t e d  f r o n t  s e a t
o r  h e a d r e s t  f  ai 1  u r e s . T h e  d r i v e r  o f  U2 1  o s t  f i v e  d a y s  worl! a s  a
r e s u l t  o f  t h e  a c c i d e n t .

RESTRAINT AND INJURIES

CASE ‘JEHI CLE
SEATIhJG  P O S I T I O N :  D r i v e r

S E X :  M a l e
A G E :  3 8
H E I G H T :  7 1  i n .
W E I G H T :  1 6 5  l b s .
RESTRAINT USED:  Lap/Shoulder  Be1 t

INJURIES AIS D/I (3c> PROBABLE SOURCE

F a c e , A b r a s i o n 1 1 S t e e r i n g  W h e e l
Knee , C o n t u s i o n 1 1 Lt. I n s t r .  P a n e l
Head, C o n c u s s i o n 2 2 S t e e r i n g  W h e e l
N e c k , S t r a i n 1 2 S t e e r i n g  W h e e l

(3) D/I D i r e c t / I n d i r e c t  I n j u r y  - (1) D i r e c t  C o n t a c t  I n j u r y ,  a n d
(2) I n d i r e c t  C o n t a c t  I n j u r y

SEAT PERFORMANCE
Dr i ver - N o  f a i l u r e
R i g h t  F r o n t - U n o c c u p i e d  - N o  d a m a g e

MI SC INFORMATION

Ul 1 9 7 4  P o n t i a c  G r a n d  P r i x  - W e i g h t  4 2 3 1  l b s .  - D e l t a  U 1 7  m p h

CA SE- 8 a- 45 o”9
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CASE 88-81-0 18

CASE UEHI CLE: 1 9 8 3  M e r c u r y  C a p r i ,  2+oor<U2>
CASE UEHI CLE WE1 GHT: 2775  1  bs .
CASE UEHI CLE DELTA U: 17 mph

CIRCUMSTANCES

V e h i c l e  1  s t r u c k  U2 i n  l e f t  r e a r . T h e  d a m a g e  t o  t h e  r e a r  o f  U2
w a s  m o d e r a t e 1  y  s e v e r e . U2’s f r o n t  s e a t s  w e r e  b u c k e t  s e a t s  w i t h
f o l d i n g  s e a t  b a c k s . T h e  d r i v e r ’ s  s e a t  y i e l d e d  a b o u t  3 5  d e g r e e s
a n d  t h e  r i g h t  f r o n t  s e a t  a b o u t  4 0  d e g r e e s . T h e  i n t e g r a l  h e a d r e s t s
w e r e  n o t  d a m a g e d . T h e  d r i v e r  l o s t  t h r e e  d a y s  w o r k  a s  a  r e s u l t  o f
t h e  a c c i d e n t .

RESTRAINT AND INJURIES

CASE UEHI CLE
SEATING POSIT1 ON: D r i v e r

SEX:Femal e
A G E :  3 9
H E I G H T :  6 7  i n .
W E I G H T :  1 2 5  l b s .
RESTRAINT USED: Lap/Shoulder Be1 t

INJURIES AIS D/I (X> PROBABLE SOURCE

Head, C o n t u s i o n 1 7 Unknown
Head, C o n c u s s i o n 2 7 Un I: n own
Knee , C o n t u s i o n 2 1 Lt. I n s t r .  P a n e l
Leg 5 C o n t u s i o n 2 1 C t r . Instr. P a n e l

SEATING POSITION: Right  Front
SEX: Male
A G E :  3 9
H e i g h t :  7 1  i n .
W e i g h t :  1 8 5
R e s t r a i n t  U s e d : Lap/Shou 1 der Be1 t

N o  I n j u r i e s

SEATING POSITION:  Right  Rear
SEX: Femal e
A G E :  3 9
H E I G H T :  6 4  i n .
W E I G H T :  1 0 0  l b s .
RESTRAINT USED: Lap Be1 t
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CGSE 81-8 l-8 18r; CONT>

INJURIES AIS D.i I r; X j PROBABLE SOURCE

Head, L a c e r a t i o n 1 3
C h e s t , F r a c t u r e  i(3 Ribs) 2 1
P e l v i s , F r a c t u r e 3 7

Fl yi ng 131 ass
F r o n t  S e a t  S a c k
Unknown

(GX> D/I D i r e c t / I n d i r e c t  I n j u r y - (1) D i r e c t  C o n t a c t  I n j u r y ,  (2)
I n d i r e c t  C o n t a c t  I n j u r y , (3) N o n c o n t a c t  I n j u r y ,  a n d  (7) U n k n o w n
S o u r c e

SEAT PERFORMANCE
D r i v e r  a n d  R i g h t  F r o n t  P a s s e n g e r  S e a t s - D e f o r m e d  b y  o c c u p a n t  f r o m
f r o n t .
R e a r  S e a t - D e f o r m e d  b y  p a s s e n g e r  c o m p a r t m e n t  i n t r u s i o n ,  a n d  a l s o
c o d e d  d e f o r m e d  b y  o w n  i n e r t i a .

MI SC INFORMATION
Vl 1 3 7 3  C h e v r o l e t  I m p a l a  - W e i g h t  4 2 8 4  l b s .  - D e l t a  V  1 3  m p h

1 1 1



CASE 90-76-0 19

CASE VEHI CLE: 1 9 8 4  F o r d  M u s t a n g ,  2-Door(Vl>
CASE VEHI CLE WE1 GHT: 2854  1  bs .
CASE VEHICLE DELTA V: 9 mph

CIRCUMSTANCES

V e h i c l e  1  w a s i n  t h e i n s i d e  l a n e  w a i t i n g  t o  m a k e  a  l e f t  h a n d  t u r n .
T h e  d r i v e r  o f  V 2  a p p l i e d  t h e  b r a k e s  a n d  s k i d d e d  i n t o  V l .  V l
a t t e m p t e d  t o  a c c e l e r a t e  a w a y  b e f o r e  t h e  i m p a c t . V l  r e c e i v e d
m o d e r a t e  r e a r  d a m a g e . T h e  f r o n t  s e a t s  i n  V l  w e r e  b u c k e t  s e a t s
w i t h  f o l d i n g  s e a t  backs. T h e  h e a d r e s t s w e r e  a d j u s t a b l e  w i t h  n o
damage. I t  w a s r e p o r t e d  t h a t  b o t h  f r o n t  s e a t  f o l d i n g  l o c k s
f a i l e d . T h e  d r i v e r ’ s  s e a t  y i e l d e d  l e s s  t h a n  1 0  d e g r e e s  a n d  t h e
r i g h t  f r o n t  s e a t 1  e s s  t h a n  2 0  d e g r e e s . I n  a n  i n t e r v i e w  t h e  d r i v e r
r e p o r t e d  h e  r e c e i v e d  a  h a i r l i n e  r i b  f r a c t u r e . T h e  d r i v e r  o f  Vi
l o s t  1 0  d a y s  w o r k  a n d  t h e  f r o n t s e a t  passencrr  6  d a y s . B o t h  Vi
o c c u p a n t s u s e d  t h e i r  l a p / s h o u l d e r  be1 t s .

RESTRAINT AND INJURIES

CASE VEHICLE
SEATING POSITION: Driver

S E X :  M a l e
A G E :  5 7
H E I G H T :  7 2  i n .
WE:GHT:  2 1 0  l b s .
RESTRAINT USED : Lap/Shou 1 der 6el t

INJURIES AIS D/ I ( w > PROBABLE SOURCE

C h e s t , F r a c t u r e 1 7 U n k n ow n

S E A T I N G  P O S I T I O N :  R i g h t  F r o n t  P a s s e n g e r
S E X :  M a l e
AGE: 3 2
H E I G H T :  6 9  i n .
W E I G H T :  160 l b s .
RESTRAINT USED: Lap/Shoulder Be1 t

INJURIES 41s D/I ‘l#> PROBfiBLE SOURCE
Shou 1 der , D i s l o c a t i o n  2 7 Unknown

SEAT PERFORMANCE
B o t h  f r o n t  s e a t s  c o d e d  s e a t  b a c k  f o l d i n g  l o c k s  f a i l e d .

MISC INFORMATION
V 2  1 9 7 7  M e r c u r y  B o b c a t  - W e i g h t ,  2 4 7 2  l b s .  - D e l t a  V ,  1 2  m p h
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C A S E  8 8 - 4 6 - 0 3 2

CASE VEHICLE: 1 9 8 6  O l d s  D e l t a  8 8 ,  4-Door<1121
CASE VEHICLE WEIGHT: 3 1 4 1  l b s .
CASE VEHICLE DELTA V: 24 mph

CIRCUMSTANCES

V e h i c l e  1 , t r a v e l i n g  s o u t h , s t r u c k  r e a r  o f  V 2 . V 2  r o t a t e d
c o u n t e r c l o c k w i s e , c r o s s e d  t h e  m e d i a n , m o m e n t a r i l y  s t o p p i n g  w i t h  V 2
i n  t h e  l e f t  l a n e  o f  n o r t h - b o u n d  t r a f f i c  f a c i n g  n o r t h . V 3 ,  i n  l e f t
n o r t h - b o u n d  l a n e  s t r u c k  V 2  i n  r e a r .  V 4 , t r a v e l i n g  i n  t h e  c e n t e r
l a n e  o f  n o r t h - b o u n d  t r a f f i c ,  w a s  s t r u c k  o n  l e f t  s i d e  b y  V2. V 2
c o n t a i n e d  a s p l i t  b e n c h  f r o n t  s e a t  w i t h  a d j u s t a b l e  h e a d r e s t s .  I t
was n o t e d  t h a t  t h e  s e a t  b a c k  f o l d i n g  l o c k s  f a i l e d . T h e  p h o t o s
s h o w e d  n o  y i e l d i n g . T h e  h e a d r e s t s w e r e  n o t  d a m a g e d  a s  w a s  t h e
u n o c c u p i e d  r i g h t  f r o n t  s e a t .

RESTRAINT AND INJURIES

CASE VEHICLE
SEATING POSITION: Driver

S E X :  Ma1 e
AGE:  50
H E I O H T :  7 2  i n .
W E I G H T :  1 8 9  l b s .
RESTRAINT USED:  Lap/Shoulder  Bel t

INJURIES AIS D/I (x> PRObABLE  SOURCE

H e a d ,  C o n c u s s i o n
F a c e , C o n t u s i o n
Abdomen,  Contusion
S h o u  1  d e r  L a c e r a t i o n,
N e c k ,  S t r a i n

2 2 W i n d s h i e l d
1 1 Wi ndsh i el d
1 1 S e a t  Gel t
1 7 Unknown
1 7 Unknown

(X> D / I  D i r e c t / i n d i r e c t  I n j u r y  - (1) D i r e c t  C o n t a c t  I n j u r y ,  (2)
I n d i r e c t  C o n t a c t  I n j u r y ,  a n d  (7) U n k n o w n  S o u r c e

SEAT PERFORMANCE
D r i v e r ' s  - C o d e d s e a t  b a c k  f o l d i n g  l o c k s  f a i l e d ,  a l t h o u g h  p h o t o s
s h o w e d  n o  s e a t  b a c k  y i e l d .
R i g h t  F r o n t - U n o c c u p i e d  - N o  d a m a g e

MI SC INFORMATION
V l  1 9 7 8  F o r d  T h u n d e r b i r d  - W e i g h t  4 0 4 0  lbs. - D e l t a  V  1 8  m p h
V 3  1 9 8 8  T o y o t a  Camry  - W e i g h t  2 8 1 1  l b s .  - D e l t a  V  2 7  m p h
V 4  1 9 8 3  Celica G T  - W e i g h t  2 4 9 6  l b s .
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CASE UEHI CLE: 1982 VW J e t  t a ,  2-Door iU2j
CASE UEHI C:LE WE1 GHT: 1 8 3 2  l b s .
CASE VEHICLE DELTA 1J: 28 mph

CI RCUMSTANCES

V e h i c l e s  U l ,  U 2 ,  a n d  U3 w e r e  t r a v e l i n g  i n  t h e  s a m e  d i r e c t i o n  w h e n
t r a f f i c  s t o p p e d . U3 s t r u c k  U2 i n  r e a r  p u s h i n g  i t  i n t o  Ul. U3
r o l l e d  o v e r  p o s s i b l y  s t r i k i n g  Ul i n  t h e  f r o n t . T h e  f r o n t  s e a t s  i n
U2 w e r e  b u c k e t s e a t s  w i t h  a  f o l d i n g  s e a t  b a c k . T h e  h e a d r e s t s  w e r e
a d j u s t a b l e . T h e r e  w a s  n o  d a m a g e  t o  t h e  s e a t s  o r  h e a d r e s t s .

RESTRAINT GND INJURIES

CASE UEHI CLE
SEATING POSITION: Driver

SEX: Female
A G E :  3 8
H e i g h t :  6 6  i n .
W e i g h t :  1 3 0  Its.
R e s t r a i n t  U s e d : Lap/Shou 1 der Be1 t

INJURIES AIS D/I (X> PROBABLE SOURCE

C h e s t ,  B u r n 3 3 B a t t e r y  A c i d

S E A T I N G  F’OSITION:  R i g h t  F r o n t
S E X :  M a l e
A G E :  40
RESTRAINT USED: Lap/Shoul der Be1 t

N o  a d d i t i o n a l  i n f o r m a t i o n  o n  t h i s  o c c u p a n t

(Z> D / I  D i r e c t / I n d i r e c t  I n j u r y  - (3) N o n c o n t a c t  I n j u r y

SEAT PERFORMANCE
D r i v e r  a n d  R i g h t  F r o n t  - N o  D a m a g e

MISC INFORMATION
Ul 1 9 8 7  J e e p  C h e r o k e e  - W e i g h t  2 7 7 4  l b s .
U3 1 9 8 4  N i s s a n  P i c k u p  - Wei.ght 4 3 2 8  l b s .  ( c a r r y i n g  rocks>

Del ta U 11 mph



C A S E  8 8 - 5 0 - 0 4 0

CASE UEHI CLE: 1 9 8 4  C h e v r o l e t  C a m e r o ,  2-Door(U2>
CASE VEHICLE WEIGHT: 3 0 5 4  l b s .
CASE VEHICLE DELTA U: 25 mph

CIRCUMSTANCES

V e h i c l e  2  h a d  s t o p p e d  a t  a  s t o p s i g n  w a i t i n g  t o  t u r n  l e f t .  Ul
i m p a c t e d  r e a r  o f  U 2 . T h e  f r o n t  s e a t s  o f  t h e  c a s e  v e h i c l e  w e r e
b u c k e t  s e a t s  w i t h  f o l d i n g  s e a t  b a c k s . B o t h  f r o n t  s e a t s  w e r e  c o d e d
s e a t  back f o l d i n g  l o c k s  f a i l e d . P h o t o s s h o w  a b o u t  a 0  d e g r e e s  o f
y i e l d  o n  b o t h  f r o n t  s e a t s . B o t h  t h e  d r i v e r ’ s  a n d  r i g h t  f r o n t  s e a t
h e a d r e s t s were  damaged. T h e  r e a r  s e a t  w a s  d e f o r m e d  b y  p a s s e n g e r
c o m p a r t m e n t  i n t r u s i o n .

RESTRAINT AND INJURIES

CASE UEHI CLE
SEATING POSITION: Driver

S E X :  M a l e
A G E :  1 7
H E I G H T :  7 3  i n .
W E I G H T :  2 0 4  l b s .
RESTRAINT USED : Lap/Shou d e r  B e

INJURIES AIS D/I<

Head, L a c e r a t i o n 1
Head, C o n c u s s i o n 2
Head, C o n t u s i o n 1
F a c e , L a c e r a t i o n 1
Abdomen, C o n t u s i o n 1

SEATING POSITION: Right  Front
S E X :  M a l e
A G E :  1 7
H E I G H T :  6 7  i n .
W E I G H T :  1 4 0  l b s .
RESTRAINT USED: Lap/Shoul d e r  be1 t

INJURIES

Head, C o n c u s s i o n
F a c e , Unknown Lesion
F a c e , L a c e r a t i o n
Head, Laceraton
F a c e , c o n t u s i o n
A n k l e , L a c e r a t i o n

1t

%c> PROBABLE SOURCE

AIS D/1(X> PROBABLE SOURCE

2 7
2 7
2 7
1 7
1 7
1 7

Fl yi ng Gl ass
Un I< n own
Unknown
Fl yi ng Gl ass
S t e e r i n g  W h e e l

Unknown
Unknown
Unknown
Unknown
Unknown
Unknown



CASE 88-S@-6461(  CONTi

SEATING POSITION:  Lef t  Rear
S E X :  M a l e
AGE 16
H E I G H T :  7 2  i n .
W E I G H T :  1 7 0  l b s .
RESTRfiINT USED : Lap Be1 t

INJURIES AIS

N e c k , S t r a i n 1
Head, L a c e r a t i o n 1

D/I<%>

3
7

PROGABLE SOURCE

I m p a c t  F o r c e
Unknown

SEATING POSIT1 ON: Right Rear
SEX: Ma1 e
A G E :  1 5
HEIGHt: 7 4  i n .
WEIGHT: 175
RESTRAINT USED:  Lap Bel t

INJURIES AIS D/ I PROBABLE SOURCE

F a c e , L a c e r a t i o n 1 7 Unknown
F a c e , C o n t u s i o n 1 7 Unknown
N e c k , S t r a i n 1 3 Noncon  tat t
N e c k , L a c e r a t i o n 1 7 Unknown
B a c k , S t r a i n 1 3 Noncon  tat t

(#> D / I  D i r e c t / I n d i r e c t  C o n t a c t  I n j u r y  - (1) D i r e c t  C o n t a c t
I n j u r y ,  (3) N o n c o n t a c t  I n j u r y , a n d  (7) U n k n o w n  S o u r c e

SEAT PERFORMANCE
D r i v e r  a n d  r i g h t  front- C o d e d  s e a t  b a c k  f o l d i n g  l o c k s  f a i l e d
R e a r  S e a t  - D e f o r m e d  b y  p a s s e n g e r  c o m p a r t m e n t  i n t r u s i o n

MI SC INFORMATION
Ul 1983 G M C  S i e r r a  P i c k u p  - W e i g h t  2 6 4 5  l b s .  - D e l t a  V  29 m p h



C A S E  8 8 - 7 2 - 0 4 0

CASE VEHI CLE: 1882 T o y o t a  Coral 1  a? 2-Door(V2)
CASE VEHI CLE WE1 GHT: 2299 1 bs.
CASE VEHICLE DELTA V: 12 mph

CIRCUMSTANCES

V e h i c l e s  1 a n d  2  w e r e  t r a v e l i n g  i n  t h e  Same d i r e c t i o n  w h e n  V 2
s l o w e d  d o w n  d u e  t o  s l o w e d  t r a f f i c  a n d  w a s  r e a r  e n d e d  b y  Vl.

V 2  s u f f e r e d  l i g h t  r e a r  d a m a g e . I t  w a s  r e p o r t e d  t h a t  V2’s d r i v e r ’ s
s e a t  w a s  d e f o r m e d  b y  t h e  o c c u p a n t  f r o m  t h e  f r o n t  a n d  t h e  s e a t  b a c k
f o l d i n g  l o c k s  f a i l e d . P h o t o s show on1 y  about 1 0  d e g r e e s  o f  y i e l d .
T h e r e  w a s  n o  d a m a g e  t o  t h e  a d j u s t a b l e  h e a d r e s t s  o r  t h e  u n o c c u p i e d
r i g h t  f r o n t  s e a t . T h e  V2 d r i v e r  w a s  h o s p i t a l i z e d  f o r  o n e  d a y  a n d
l o s t  t e n  d a y s
be1 t  1 oosel y.

RESTRAINT AND

CkSE VEHICLE

w o r k . I t  w a s r e p o r t e d  t h a t  t h e  d r i v e r  w o r e  h i s  s e a t

INJURIES

SEATING POSITION: Driver
S E X :  M a l e
A G E :  4 2
H E I G H T :  7 0  i n .
W E I G H T :  1 7 0  l b s .
R E S T R A I N T  U S E D :  L a p / S h o u l d e r  Be1 t - W o r n  L o o s e l y

INJURIES AIS D/I (X> PROBABLE SOURCE

Head, C o n c u s s i o n 2 2 W i n d s h i e l d
F a c e , L a c e r a t i o n 1 1 S t e e r i n g  W h e e l
Knee , C o n t u s i o n 1 1 Lt. I n s t r .  P a n e l
F a c e , C o n t u s i o n 1 1 W i n d s h i e l d
N e c k , S t r a i n 1 3 Noncon  tat t

(3) D / I  D i r e c t / I n d i r e c t  I n j u r y  - (1) D i r e c t  C o n t a c t  I n j u r y ,  (2)
I n d i r e c t  c o n t a c t  I n j u r y , a n d  (3) N o n c o n t a c t  I n j u r y

SEAT PERFORMANCE
D r i v e r  S e a t - S e a t  b a c k  f o l  d n g  l o c k s f a i l e d  a n d  d e f o r m e d  b y  i m p a c t
o f  o c c u p a n t  f r o m  f r o n t .
R i g h t  F r o n t - U n o c c u p i e d  - n o  d a m a g e

MISC INFORMATION
Vl 1 9 7 6  P o n t i a c  F i r e b i r d  - W e i g h t  2 2 9 9  l b s .  D e l t a  V  8  m p h



CASE VEHICLE: 1 9 7 9  D o d g e  S t .  R e g i s ,  4-Door(V22
CASE VEHICLE WEIGHT: 3 7 1 0  I t s .
CASE VEHICLE DELTA V: 8 mph

CIRCUMSTANCES

V e h i c l e  1 s t r u c k  V 2  i n  r e a r  a s  t h e y  w e r e  a p p r o a c h i n g  i n t e r s e c t i o n .
V2's f r o n t  s e a t  w a s  a  b e n c h s e a t  w i t h  a d j u s t a b l e  h e a d r e s t . T h e r e
was n o  r e p o r t e d  d a m a g e  t o  t h e  s e a t  o r  h e a d r e s t . V2's d r i v e r
c l a i m e d  l o s s  o f  c o n s c i o u s n e s s . N o  h e a d  i n j u r y  w a s  n o t e d .  H e
s p e n t  t h r e e  d a y s i n  t h e  h o s p i t a l  a n d  w a s  o u t  o f  w o r k  f o r  o v e r  61
d a y s . T h i s  c a s e  i s  h a r d  t o  e x p l a i n  c o n sidering  t h e  8 m p h  d e l t a  V .

RESTRAINT AND INJURIES

CASE VEHICLE
SEATING POSITION: Driver

S E X :  M a l e
A G E :  2 6
H E I G H T :  6 7  i n .
W E I G H T :  iA5 l b s .
RESTRAINT USED:  Lap/Shoulder  Bel t

INJURIES AIS D/I (x) PROBABLE SOURCE

Head, C o n c u s s i o n 3 7 Unknown
N e c k , S t r a i n 1 7 Unknown
B a c k , S t r a i n 1 7 Unknown

(3) D / I  D i r e c t / I n d i r e c t  I n j u r y  - (1) D i r e c t  C o n t a c t  I n j u r y ,  (7)
Unknown Source

SEAT PERFORMANCE
D r i v e r - N o  F a i l u r e

MISC INFORMATION
Vl 1 9 8 7  F o r d  E s c o r t  - W e i g h t  2 2 2 2  l b s .  - D e l t a  V  1 1  m p h

CA5e EZ&- 4.5.05s



CllSE 9 0 - 9 - 0 5 6

CASE VEHICLE: 1 9 8 8  V o l v o  7 4 0  G L E ,  4-Door(V2i
CASE VEHICLE WEIGHT: 2 9 3 0  lbs
CASE VEHICLE DELTA V: 17 mph

CIRCUMSTANCES

V e h i c l e s 2  a n d  3  w e r e  s t o p p e d  a t  a  t r a f f i c  s i g n a l . Vl r e a r  e n d e d
V 2  a n d  p u s h e d  i t  i n t o  V 3 . T h e  c a s e  v e h i c l e  r e c e i v e d  m o d e r a t e  r e a r
damage. T h e  f r o n t a l  d a m a g e  o f  V 2  a p p e a r e d  a s  s e v e r e  a s  t h e  r e a r
impact  damage. B o t h  c a s e  v e h i c l e  o c c u p a n t s  w e r e  u s i n g  s e a t  b e l t s .
T h e  c a s e  v e h i c l e  c o n t a i n e d  b u c k e t  s e a t s  w i t h  i n t e g r a l  h e a d r e s t s .
T h e r e  w a s  n o  r e p o r t e d  h e a d r e s t  d a m a g e . B o t h  f r o n t  s e a t s  r o t a t e d
a f t  a p p r o x i m a t e l y  3 0  d e g r e e s . T h e  d r i v e r  r e c e i v e d  a  c h e s t
f r a c t u r e  a n d  w a s  h o s p i t a l i z e d  f o r  f o u r  d a y s .

RESTRAINT AND INJURIES

CASE 'JEHICLE
SEATING POSITION: Driver

SE'K.. Female
A G E :  3 4
H E I G H T :  6 3  i n .
W E I G H T :  1 3 4  lbs.
RESTRAINT USED: L a p / S h o u l d e r  Be1 t

INJURIES AIS D/I<%>

C o n t u s i o n , F a c e 1 1
C o n t u s i o n , C h e s t 1 1
C o n t u s i o n , Abdomen 1 1
C o n t u s i o n , Forearm 1 1
C o n t u s i o n , Lt T h i g h 1 1
C o n t u s i o n , R t  T h i g h 1 1
F r a c t u r e , C h e s t 2 1

PROBABLE SOURCE

S t e e r i n g  W h e e l
S t e e r i n g  W h e e l  H u b
S e a t  Be1 t  W e b b i n g
Transmis.sion L e v e r
B e l t  W e b b i n g
Be1 t W e b b i n g
S t e e r i n g  W h e e l

S E A T I N G  P O S I T I O N :  R i g h t  F r o n t  P a s s e n g e r
S E X :  M a l e
A G E :  2 4
H E I G H T :  7 1  i n .
W E I G H T :  2 3 5  l b s .
RESTRAINT USED:  Lap/Shoulder  Bel t

INJURIES AIS D/I(x) PROBABLE  SOURCE

C o n t u s i o n , L o w e r  L i m b s  1
S t r a i n ,  N e c k 1

1 R t . I n s t r .  P a n e l
1 H e a d r e s t
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C:kSE 90 -9-0 56 I:: C:C+JTj

SEAT PERFORMANCE
D r i v e r ’ s  S e a t - Reel  i n i n g  L o c k  F a i l e d
R i gh t Fr on t Passenger  ’ s - D e f o r m e d  b y  i m p a c t  o f  o c c u p a n t

MISC INFORMATION
Vl 1 9 8 6  H o n d a  A c c o r d  - W e i g h t  2 5 7 9  1  b s .  - D e l  t a  IJ 2 0  m p h
V 3  1 9 8 8  GMC  S u b u r b a n  2 5 0 0  - W e i g h t  4 8 1 6  l b s . ,

123



C A S E  9 0 - 8 0 - 0 6 3

CASE VEHI CLE: 1 9 8 5  C h e v r o l e t  C h e v e t t e ,  2-Door(V2)
CASE VEHICLE WEIGHT: 2 0 9 0  l b s .
CASE VEHICLE DELTA V: 14 mph

CIRCUMSTANCES

V e h i c l e  2  h a d  s t o p p e d  i n  t h e  r o a d w a y  f o r  a n o t h e r  v e h i c l e  w h i c h  h a d
s p u n  o u t  o f  c o n t r o l  . Vl s t r u c k  V 2  i n  r e a r . V 2  w a s  p u s h e d  i n t o
a n d  c o n t a c t e d  a  g u a r d  r a i l  w i t h  i t s  l e f t  f r o n t . B o t h  c a r s  w e r e
t o w e d  a n d  b o t h  o c c u p a n t s  o f  V 2 ,  t h e  c a s e  v e h i c l e ,  w e r e  t r a n s p o r t e d
t o  t h e  h o s p i t a l . T h e  c a s e  v e h i c l e  c o n t a i n e d  b u c k e t  f r o n t  s e a t s
w i t h  f o l d i n g  s e a t  b a c k s  w i t h  n o  r e p o r t e d  d a m a g e . T h e  h e a d
r e s t r a i n t s  w e r e  i n t e g r a l  w i t h  t h e  s e a t  w i t h  n o  d a m a g e .  V2’s
o c c u p a n t s w e r e  u s i n g  t h e i r  l a p / s h o u l d e r  be1 t s . T h e  r i g h t  f r o n t
p a s s e n g e r  w a s h o s p i t a l i z e d  f o r  1 0  d a y s  a n d  l o s t  1 4  d a y s  o f  w o r k .
T h e  r e p o r t  n o t e d  s e v e r e  r e a r  e n d  d a m a g e  t o  V 2  b u t  p h o t o s  s h o w
mi nor damage.

RESTRAINT AND INJURIES

CASE ‘JEHI CLE
SEATING POSITION: Driver

S E X : F e m a l e
A G E :  2 7
H e i g h t :  6 3  i n .
W E I G H T :  1 0 6  lbs.
RESTRAINT USED: Lap/Shoul d e r  be1 t

INJURIES AIS D/ I PROBABLE SOURCE

N e c k , S t r a i n 1 7 Unknown

S E A T I N G  P O S I T I O N :  R i g h t  F r o n t  P a s s e n g e r
S E X :  M a l e
A G E :  2 7
H E I G H T :  6 6  i n .
W E I G H T :  1 5 0  l b s .
RESTRAINT USED : Lap/Shoul d e r  Be1 t

INJURIES AIS D/I (3) PROBABLE SOURCE

Head, c o n c u s s i o n 2 7 Unknown
N e c k , S t r a i n 1 7 Unknown

(%> D / I  D i r e c t / I n d i r e c t  I n j u r y  - (7) U n k n o w n  S o u r c e

SEAT  PERFORMANCE
No Fai 1 ures w!> 123.



C&SE ‘7’8 -10 -0 63~’ CcNTj

MI SC INFORMATION
Vl 1 9 1 4  P o n t i a c  G r a n d  A m  - bleight,  2 7 9 1  l b s . .  - D e l t a  V ,  1 0  m p h

CA5E 5~1-80-063



CASE VEHICLE: 1 9 8 6  L i  ncol n  C o n t i n e n t a l  ,  4 - D o o r  (V2>
CASE VEHICLE WEIGHT: 3775  lbs.
CASE VEHICLE DELTA V: 16 mph

CIRCUMSTANCES

V e h i c l e  1  s t o p p e d  i n  f i r s t  l a n e  o f  a .  f o u r  l a n e  r o a d  f o r  a  d i s a b l e d
v e h i c l e . V l  s t r u c k  V 2  f r o m  b e h i n d . T h e  V 2  d r i v e r  w a s  t r a n s p o r t e d
t o  t h e  h o s . p i  tal . T h e r e  w a s m o d e r a t e  d a m a g e  t o  t h e  r e a r  o f  V 2 .
T h e  f r o n t  s e a t s i n  V 2  w e r e  b u c k e t  s e a t s . T h e  h e a d r e s t s  w e r e
a d j u s t a b l e  w i t h  n o  d a m a g e . T h e  d r i v e r ’ s s e a t  w a s  c o d e d  d e f o r m e d
b y  i m p a c t  o f  t h e  o c c u p a n t  f r o m  t h e  f r o n t . A  r e v i e w  o f  t h e  p h o t o s
s h o w e d  v e r y  1  i  ttle d e f o r m a t i o n , a p p r o x i m a t e 1  y  1 5  d e g r e e s .  T h e
u n o c c u p i e d  r i g h t  f r o n t  s e a t  w a s  u n d a m a g e d . A l  thouoh i t  w a s
r e c o r d e d  t h a t
d a y  o f  w o r k .

RESTRAINT AND

CASE VEHICLE

t h e  d r i v e r  rceived  a  c o n c u s s i o n ,  h e  o n l y  m i s s e d  o n e

INJURIES

SEATING POSITION: Driver
S E X :  M a l e
A G E :  5S
HEIGHT: 72 in. .
W E I G H T :  2 1 0  l b s .
RESTRAINT USED: Lap/Shou 1 der Be1 t

INJURIES AIS D/I (x> PROBABLE SOURCE

Head, C o n c u s s i o n 2 1 S e a t  Back
N e c k , S t r a i n 1 2 S e a t  B a c k

(x> D/I D i r e c t / i n d i r e c t  I n j u r y  - (1) D i r e c t  C o n t a c t  I n j u r y ,  a n d
(2) I n d i r e c t  C o n t a c t  I n j u r y

SEAT PERFORMANCE
D r i v e r ’ s  S e a t  - D e f o r m e d  b y  i m p a c t  o f  o c c u p a n t  f r o m  f r o n t
R i g h t  F r o n t -. U n o c c u p i e d  - No d a m a g e

MISC INFORMATION
Vl 1 9 7 8  F o r d  T h u n d e r b i r d  - W e i g h t  4 2 1 4  l b s .  - D e l t a  V  1 5  m p h

8% 125



CASE 88-4  l -073

CASE UEHI CLE: 1 9 8 7  F o r d  T a u r u s ,  4 - D o o r  (V2>
CASE UAHICLE WEIGHT: 2877  1  bs .
CASE UEHI CLE DELTA U: 28 mph

CIRCUMSTANCES

V e h i c l e  1  w a s t r a v e l  ing i n  t h e  c e n t e r  1  a n e . U2 a n d  U3 w e r e
s t o p p e d  a t  a n  i n t e r s e c t i o n . Ul e n t e r e d  U2’5  l a n e  a n d  s t r u c k  U2 i n
r e a r . Ul r o t a t e d  9 0  d e g r e e s c o u n t e r c l o c k w i s e  w h e r e  r i g h t  s i d e  o f
Ul s t r u c k  r e a r  o f  U 3 . U2’5  f r o n t  s e a t s  w e r e  b u c k e t  s e a t s  w i t h
f o l d i n g  seat  b a c k s . T h e  h e a d r e s t s w e r e  a d j u s t a b l e  w i t h  n o  d a m a g e
r e p o r t e d . T h e  d r i v e r s  s e a t  w a s  s l i g h t l y  d e f o r m e d . T h e  r i g h t  r e a r
p a s s e n g e r  d i e d  f o l l o w i n g  t h e  a c c i d e n t . T h e  r e a r  s e a r  w a s  d e f o r m e d
b y  intrus.ion f r o m  t h e  r e a r . T h e  d r i v e r  s p e n t  f o u r  d a y s  i n  t h e
h o s p i t a l  a n d  t h e  r i g h t  f r o n t  p a s s e n g e r  s p e n t  e i g h t  d a y s  i n  t h e
h o s p i t a l  .

RESTRAINT AND INJURIES

CASE UEHI CLE
SEATING POSITION: Driver

SE><: Male
A G E :  5 2
RESTRAINT USED: Lap/Shou 1 der Be1 t

INJURIES AIS cri’  I ( x >

Head, C o n c u s s i o n 2 7
B a c k , S t r a i n 1 7

SEATING POSITION: Right  Front
S E X :  M a l e
A G E :  79
RESTRAINT USED : Lap/Shou 1 der Be1 t

INJURIES AIS D/I(X)

F a c e , A b r a s i o n 1 1
F a c e , C o n t u s i o n 1 1
C h e s t , F r a c t u r e 3 1
Head, C o n t u s i o n 2 7
back, S t r a i n 1 7

FROBAtiLE  SOURCE

U n k n ow n
U n I: n own

FROBAGLE SOURCE

R t . Instr. P a n e l
R t . I n s t r .  P a n e l
S e a t  Be1 t
U n k n QW n
Unknown
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CASE 4 I-073(CONT>
SEATING POSITION:  Lef t  Rear

SEX : Fema 1 e
A G E :  4 7 0 0
RESTRAINT USED: None

INJURIES AIS

B a c k , S t r a i n 1
Knee , C o n t u s i o n 1

SEATING POSITION:  Center  Rear
S E X :  F e m a l e
A G E :  76
RESTRAINT USED : None

INJURIES AIS

P e l v i s , F r a c t u r e 3
F a c e , L a c e r a t i o n I
F o r e a r m , F r a c t u r e 2
Head, C o n c u s s i o n 2
C h e s t , F r a c t u r e 2
Abdomen, C o n t u s i o n 1

SEATING POSITION:  Right  Rear
S E X :  F e m a l e
A G E :  7 6
H E I G H T .  6 2  i n .
W E I G H T :  1 3 8  l b s .
RESTRAINT USED : None

INJURIES AIS

Back, T o t a l  S e v e r a n c e 5
Abdomen, L a c e r a t i o n 4
C h e s t , F r a c t u r e 4
Head, Lesion Unknown 3

(SF> D/I D i r e c t / I n d i r e c t  I n j u r y  -

D/I (%I

2
1

PROGABLE SOURCE

S e a t  B a c k
F r o n t  S e a t  B a c k

D/I (X> PROBABLE SOURCE

S e a t  B a c k
Unknown
Unknown
Unknown
U n k n own
S e a t  B a c k

D/I(Z) PROBABLE SOURCE

I S e a t  b a c k
1 S e a t  B a c k
1 S e a t  B a c k
I S e a t  B a c k

(I> D i r e c t  C o n t a c t  I n j u r y ,  (2)
I n d i r e c t  C o n t a c t  I n j u r y ,  (3) N o n c o n t a c t  I n j u r y ,  a n d  (7) U n k n o w n
s o u r c e

SEAT  PERFORMANCE
D r i v e r  - D e f o r m e d  s l i g h t l y  b y  o c c u p a n t  f r o m  f r o n t .
R i g h t  F r o n t - No fai  1 ure
R e a r  S e a t  - D e f o r m e d  b y  c o m p a r t m e n t  i n t r u s i o n

MI s c  INF~RMATI  or4
Ul 1 9 8 8  F o r d  M u s t a n g  - W e i g h t  2 7 8 2  l b s .  - D e l t a  v  3 0  m p h
U3 1 9 8 5  T o y o t a  P i c k u p
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CASE 4 l-073(  CONT)
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CASE 90-12-076

CASE UEHI CLE: 1 9 8 8  C h e v r o l e t  C a p r i c e  Classic(UI>
CASE VEHICLE WEIGHT: 3 6 5 4  l b s .
CASE VEHICLE DELTA U: 16 mph

CIRCUMSTANCES

V e h i c l e  1  w a s  t r a v e l i n g  o n  a  w e t  t w o  l a n e  h i g h w a y . T h e  v e h i c l e
l e f t  t h e  r o a d  t r a v e l  i n g  b a c k w a r d s t h r o u g h  a  g r a s s y  m e d i a n  s t r i k i n g
t h e  b a c k  o f  a  l o n g i t u d i n a l  b a r r i e r  w i t h  i t s  r i g h t  r e a r  c o r n e r  a n d
t h e n  s t r i k i n g  i t s l e f t  r e a r  c o r n e r  w i t h  a  h i g h w a y  s i g n  p o s t . Both
p a s s e n g e r s  w e r e  be1 t e d . T h e  r i g h t  f r o n t  p a s s e n g e r  w a s  a s l e e p ,
w o k e  u p ,  p u t  h i s f e e t  o n  t h e  I F  t o  a v o i d  h i t t i n g  t h e  w i n d s h i e l d .

T h e  f r o n t  s e a t s w e r e  b u c k e t  s e a t s  w i t h  f o l d i n g  s e a t  b a c k s . Both
s e a t s  w e r e  d e f o r m e d  r e a r w a r d  b y  t h e  o c c u p a n t s ,  t h e  d r i v e r ’ s  s e a t
a p p r o x i m a t e 1  y  2 5  d e g r e e s , a n d  t h e  r i g h t  f r o n t  p a s s e n g e r ’ s  s e a t  3 0
d e g r e e s . T h e  r e a r  o f  t h e  v e h i c l e  w a s s e v e r e l y  d a m a g e d  i n  t h e
c r a s h . T h e  h e a d r e s t s w e r e  a d j u s t a b l e  w i t h  n o  d a m a g e .

RESTRAINT AND I NJUR I ES

CASE UEHI CLE
SEATING POSITION: Driver

S E X :  Ma1 e
A G E :  5 7
H E I G H T :  7 0  i n .
W E I G H T :  160 lbs.
RESTRAINT USED: Lap/Shou: der Eel ts

INJURIES AIS D/I (Z%(‘>

L a c e r a t i o n ,  F a c e I 3
C o n t u s i o n , Head 2 1
C o n t u s i o n , S h o u l d e r 2 1
C o n c u s s i o n , Head 2 1

PROBABLE SOURCE

Fl yi  ng Gl ass
Lt. “B” P i l l a r
Lt. “B” Pi 1 1 ar
Lt. “B” Pi 11 ar

S E A T I N G  P O S I T I O N :  R i g h t  F r o n t  P a s s e n g e r
S E X :  M a l e
A G E :  4 8
H E I G H T :  6 9  i n .
W E I G H T :  160 l b s .
RESTRAINT USED:  Lap/Shoulder  Be1 t

INJURIES AIS D/I (x> PROBABLE SOURCE

S t r a i n ,  b a c k 1 I S e a t  B a c k

(%> D/I D i r e c t / I n d i r e c t  I n j u r y  - (1) D i r e c t  C o n t a c t  I n j u r y ,  (2)
I n d i r e c t  c o n t a c t  I n j u r y , a n d  (3) n o n c o n t a c t  I n j u r y
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CASE 90- 12-07&c CONTI

SE&T PERFORMANCE
D r i v e r ’ s a n d  R i g h t  F r o n t  P a s s e n g e r ’ s  S e a t - D e f o r m e d  b y  i m p a c t  o f
o c c u p a n t

,
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CASE  88-77-079

CkSE VEHICLE: 1 9 8 2  'JW S c i r o c c o ,  2-Door(Ul>
CASE VEHICLE WEIGHT: 2 1 5 9  l b s .
CASE VEHICLE DELTA U: I7 mph

CIRCUMSTANCES

V e h i c l e  1  h a d s t o p p e d  i n  t r a f f i c  w h e n  h i t  i n  t h e  r e a r  b y  U 2 .
VI r e c e i v e d  m o d e r a t e l y  l i g h t  r e a r  d a m a g e . T h e  f r o n t  s e a t s  i n  Ul
w e r e  b e n c h s e a t s  w i t h  f o l d i n g  s e a t  b a c k s . T h e  h e a d r e s t s  h a d  b e e n
removed. T h e r e  w a s  n o  s e a t  d a m a g e . T h e r e  w a s  n o  i n t e r i o r  p h o t o s
t a k e n . '$1 r e c e i v e d  m o d e r a t e l y  l i g h t  r e a r  d a m a g e .

RESTRAINT AND INJURIES

CASE VEHICLE
SEATING FOSITION: Driver

S E X :  M a l e
A G E :  3 5
H E I G H T :  7 0  i n .
W E I G H T :  1 9 5  l b s .
RESTRAINT USED:  Lap/Shoulder  Bel t

INJURIES AIS D/I (x> PROBABLE SOURCE

kc kc , S t r a i n 1 I H e a d r e s t
Head, C o n c u s s i o n 2 7 Unknown

(3c> D / I  Directilnditect  I n j u r y - (I> D i r e c t  C o n t a c t  D a m a g e ,  a n d
(71 U n k n o w n  S o u r c e

SEAT PERFORMANCE
N o  s e a t  f a i l u r e

MISC INFORMATION

U2 1 9 7 5  C h e v r o l e t  N o v a  - W e i g h t  3 4 1 6  l b s .  - D e l t a  U 1 2  m p h

CASF 538-77-79
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C A S E  8 8 - 1 0 - 0 9 2

CASE VEHI CLE: 1 9 7 7  C h e v r o l e t  C h e v e t t e ,  2-Door(V2)
CASE VEHI CLE WE1 GHT: 2 0 1 9  l b s .
CASE VEHICLE DELTA V: 14 mph

CIRCUMSTANCES

V e h i c l e s 2  a n d  3  w e r e  s t o p p e d  a t  a  t r a f f i c  s i g n a l . V i  i m p a c t e d  V 2
f r o m  b e h i n d  a n d  p u s h e d  V 2  i n t o  V 3 . T h e  V 2  d r i v e r  w a s  t r a n s p o r t e d
t o  t h e  h o s p i t a l  f o r  a  k n e e  i n j u r y . V 2  r e c e i v e d  v e r y  m o d e r a t e
d a m a g e  t o  t h e  r e a r . B o t h  V 2  o c c u p a n t s  w e r e  u s i n g  t h e i r
l a p / s h o u l d e r  be1 t s .  T h e  d r i v e r  o f  V 2  t o r e  h i s  k n e e  l i g i m a t e s  o n
t h e  d a s h  p a n e l . T h e  s e a t s  i n  V 2  w e r e  b u c k e t  s e a t s .  w i t h  f o l d i n g
s e a t  b a c k s . T h e  h e a d r e s t s w e r e  i n t e g r a l  w i t h  t h e  s e a t . No damage
was r e p o r t e d  t o  t h e  s.eats o r  h e a d r e s t s . T h e  d r i v e r  o f  V 2  l o s t  t w o
d a y s  w o r k . T h e  o c c u p a n t s h a d  b a d  h e a d  a c h e s .  a n d  w e r e  c o d e d
c o n c u s s i o n s .

RESTRA I NT AND I NJUR I ES

CASE VEHICLE
SEATING POSITION: Driver

S E X :  F e m a l e
A G E :  2 6
H E I G H T :  6 8  i n .
W E I G H T :  1 5 0  l b s .
RESTRAINT USED  : L a p / S h o u l d e r  Be1 t s

I NJUR I ES AIS D/I<%) PROBABLE SOURCE

Head, C o n c u s s i o n 1 1 H e a d r e s t
Knee , C o n t u s i o n 1 1 Lt. I n s t r . Panel
Knee , L a c e r a t i o n 3 1 Lt. I n s t r . Panel
B a c k , S t r a i n 1 2 S e a t  B a c k

SEATING POSITION: Right  Front
S E X :  M a l e
A G E :  3 8
H e i g h t :  7 2  i n .
WE1 GHT: 230
RESTRAINT USED: Lap/Shoulder Be1 t

INJURIES AIS D/I (x) PROBABLE SOURCE

N e c k , S t r a i n 1 2 W i n d s h i e l d
Head, C o n c u s s i o n 1 1 W i n d s h i e l d

(x1 D / I  D i r e c t / I n d i r e c t  I n j u r y  - (1) D i r e c t  C o n t a c t  I n j u r y ,  (2)
I n d i r e c t  C o n t a c t  I n j u r y , a n d  (3) N o n c o n t a c t  I n j u r y

132



I
I
I
I
I
I

CASE 88- 10 -892  c CONT:)

SEAT PERFORMANCE
NC! s e a t  d a m a g e

MISC INFORMATION
Vi 1 9 6 5  P l y m o u t h  B a r r a c u d a  - W e i g h t  25’50  l b s .  - D e l t a  U 1 1  m p h
U3 1986 C h e v r o l e t  C a v a l i e r  - W e i g h t  2 3 8 7  lbs
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CASE 88-45-  103

CASE VEHICLE: 15’88  VW R a b b i t ,  2-Door(U2)
CASE UEHI CLE WE1 GHT: 1 8 1 0  l b s
CASE VEHICLE DELTA U: 42 mph

CIRCUMSTANCES

V e h i c l e  2  s t o p p e d  t o  t u r n  l e f t . Ul r e a r  e n d e d  U 2 . V2 r o t a t e d
coun terc 1 ockwi se and crossed two 1 anes o f  t r a f f i c  i n t o  t h e  p a r k i n g
l o t  w h i c h  i t  w a s a t t e m p t i n g  t o  t u r n  i n t o . U2 r e c e i v e d  s e v e r e  r e a r
damage. U2 c o n t a i n e d  b u c k e t  f r o n t  s e a t s  w i t h  f o l d i n g  s e a t  b a c k s
a n d  a d j u s t a b l e  h e a d r e s t s . T h e  d r i v e r  o f  t h e  c a s e  v e h i c l e  s p e n t
o n e  d a y  i n  t h e  h o s p i t a l  a n d  l o s t  5  d a y s  w o r k . T h e  r i g h t  f r o n t
p a s s e n g e r  d i e d  f o l l o w i n g  t h e  a c c i d e n t . T h e  r i g h t  r e a r  p a s s e n g e r
w a s  i n  t h e  h o s p i t a l  o v e r  2 1  d a y s . T h e  d r i v e r ’ s s e a t  a p p e a r s  t o
h a v e  y i e l d e d  a b o u t  3 0  d e g r e e s .

RESTRAINT AND INJURIES

CASE VEHICLE
SEATING POSITION: Driver

S E X :  M a l e
A G E :  1 7
H E I G H T :  7 0  i n .
W E I G H T :  165 l b s .
RESTRAINT USED:  Automatic  Shoulder  Be1 t

INJURIES AIS W I PROBABLE SOURCE

Head, Lacera.t i on 1 7 Unknown
F a c e , L a c e r a t i o n 1 1 S t e e r i n g  W h e e l
Shou 1 der , C o n t u s i o n 1 7 Unknown

SEATING POSITION: Right  Front
S E X :  M a l e
A G E :  4 4
H E I G H T :  7 0  i n .
W E I G H T :  1 5 0  l b s .
RESTRAINT USED:  Automatic  Shoulder  Be1 t

INJURIES AIS D/I (Xc> PROBABLE SOURCE

N e c k , F r a c t u r e 2 3 Noncontac t
Unknown, 7 7 Unknown

D i e d  f o l l o w i n g  a c c i d e n t  - Cirtificate  o f  d e a t h  1  i s t s  mu1 t i p l e
i n t e r n a l  i n j u r i e s .
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CASE 45-103(CONT>

SEATING POSITION:  Right  Rear
SEX : Female
A G E :  18
H E I G H T :  6 6  i n .
W E I G H T :  1 3 0  l b s .
RESTRAINT USED: Lap Be1 t

INJURIES AIS D/I (X> PROBABLE SOURCE

F a c e ,  L a c e r a t i o n 1 1
C h e s t ,  C o n t u s i o n 1 1
C h e s t , Abr asi on 1 1
K n e e ,  C o n t u s i o n 1 1
P e l v i s ,  F r a c t u r e 2 3
B a c k ,  F r a c t u r e 2 3
C h e s t ,  F r a c t u r e 1 3

H e a d r e s t
F r o n t  S e a t Back
F r o n t  S e a t  B a c k
F r o n t  S e a t Back
S e a t  Back
S e a t  Back
S e a t  Back

(3c)  D / I  D i r e c t / I n d i r e c t  I n j u r y  - (1) D i r e c t  C o n t a c t  I n j u r y ,  (2)
I n d i r e c t  C o n t a c t  I n j u r y ,  (3) N o n c o n t a c t  I n j u r y ,  a n d  (7) U n k n o w n
S o u r c e

SEAT PERFORMANCE

@ r i v e r  a n d  r i g h t  f r o n t s e a t s  c o d e d  n o  f a i l u r e  b u t  d r i v e r ’ s  s e a t
h a d  y i e l d e d  a p p r o x i m a t e l y  3 0  d e g r e e s . .
R e a r  b e n c h s e a t  d e f o r m e d  b y  p a s s e n g e r  c o m p a r t m e n t  i n t r u s i o n .

MI SC I NFORMAT  I ON
Ul 1 9 8 6  F o r d  M u s t a n g  - W e i g h t  3 1 4 0  l b s .  - D E L T A  U 2 8  m p h

C/AS&- 3tj45- 103
J
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C A S E  8 8 - 9 - 1 1 0

CASE VEHICLE: 1 9 8 6  F o r d  E s c o r t ,  4-door(U2)
CASE UEHICLE WEIGHT: 2 2 0 1  Its.
CASE VEHICLE DELTA U: 25 mph

CIRCUMSTANCES

V e h i c l e s 2  a n d  3  h a d  s l o w e d  d o w n  f o r  a  t r a f f i c  s i g n a l . Vl s t r u c k
U2 f r o m  b e h i n d  p u s h i n g  i t  i n t o  U 3 . U2 r e c e i v e d  s e v e r e  r e a r
damage. T h e  d r i v e r  a n d  r i g h t  f r o n t  b u c k e t  s e a t s  w e r e  d e f o r m e d  b y
t h e  i m p a c t  o f  t h e  o c c u p a n t s  f r o m  t h e  f r o n t . There  was  no  damage
t o  t h e  f r o n t  s e a t  a d j u s t a b l e  h e a d r e s t s . B o t h  f r o n t  s e a t s  d e f o r m e d
a p p r o x i m a t e l y  4 0  d e g r e e s . T h e  d r i v e r  r e c e i v e d  a  c o n c u s s i o n ,
s p e n t  o n e  d a y  i n  t h e  h o s p i t a l  a n d  l o s t  f o u r  d a y s  w o r k . T h e  r i g h t
f r o n t  p a s s e n g e r a l s o  l o s t  f o u r  d a y s  w o r k .

RESTRAINT AND INJURIES

CASE VEHICLE
SEATING POSITION: Driver

S E X :  F e m a l e
A G E :  2 5
H E I G H T :  7 0  i n .
W E I G H T :  1 4 5  l b s .
RESTRAINT USED: L a p / S h o u l d e r  B e l t

INJURIES AIS D/I(%)

Head, C o n c u s s i o n 2 1
F a c e , C o n t u s i o n 1 1
F a c e , L a c e r a t i o n 1 1
F o r e a r m , C o n t u s i o n 1 7
K n e e s , C o n t u s i o n 1 1
N e c k , S t r a i n 1 3

PROBABLE SOURCE

S t e e r i n g  W h e e l
S t e e r i n g  W h e e l
S t e e r i n g  W h e e l
Un I< n own
S t e e r i n g  W h e e l
I m p a c t  F o r c e

SEATING POSITION: Right  Front
S E X :  M a l e
A G E :  3 2
H E I G H T :  7 5  i n .
W E I G H T :  1 8 0  l b s .
RESTRAINT USED:  Lap/Shoulder  Bel t

INJURIES AIS D/I (3) PROBAGLE SOURCE

Back, A b r a s i o n 1 1 Own Clothing
Elbow, C o n t u s i o n 1 7 Unknown

(Zc> D/I D i r e c t / I n d i r e c t  I n j u r y (1) D i r e c t  C o n t a c t  I n j u r y ,  (3)
N o n c o n t a c t  I n j u r y , a n d  (7) U n k n o w n  S o u r c e

Y..: 136



I CASE 88-9- 110 ( CONT)

I
I

I

SEAT PERFORMANCE
B o t h  f r o n t  s a t s d e f o r m e d  b y  i m p a c t  o f  o c c u p a n t s  f r o m  f r o n t

MISC INFORMATION
Ul 1 9 8 7  C h e v r o l e t  S - 1 0  P i c k u p ,  W e i g h t  2 5 6 6  l b s . ,  D e l t a  U 2 3  m p h
U3 1 9 8 0  M a z d a  6 2 6 ,  W e i g h t  2 5 9 5  l b s .

I
I
I
I
I
I
I
I
I
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C A S E  9 0 - 1 2 - 1 2 9

CASE UEHI CLE: 1 9 8 5  B u i c k  Skyhawk,  2-Door(U2)
CASE UEHI CLE WE1 GHT: 2 4 0 0  l b s .
CASE VEHICLE DELTA U: 15 mph

CIRCUMSTANCES

V e h i c l e  1 , t r a v e l i n g  o n  a  t w o  l a n e  r o a d , i m p a c t e d  r e a r  o f  U2 w h i c h
w a s  s t o p p e d , w a i t i n g  f o r  a  l e f t  t u r n i n g  v e h i c l e . U2 w a s  p u s h e d
i n t o  U3 w h i c h  w a s  a l s o  s t o p p e d . Ul a n d  U2 w e r e  t o w e d . The
o c c u p a n t s  o f  U2 a n d  U3 w e r e  be1 t e d . T h e  o c c u p a n t s  o f  U2 w e r e
t r a n s p o r t e d  f o r  t r e a t m e n t , U2 r e c e i v e d  m o d e r a t e  r e a r  d a m a g e .

T h e  f r o n t  s e a t s i n  U2 w e r e  b u c k e t  s e a t s  w i t h  f o l d i n g  b a c k s . T h e
h e a d r e s t s w e r e  a d j u s t a b l e  w i t h  n o  r e p o r t e d  d a m a g e .

T h e  d r i v e r ’ s s e a t  r o t a t e d  a p p r o x i m a t e l y  4 5  d e g r e e s  a f t  d u r i n g  t h e
a c c i d e n t .

T h e  f o u r  y e a r  o l d  o c c u p a n t  i n  t h e  l e f t  r e a r  s e a t  r e c e i v e d  a n  AIS 3
i n j u r y ,  c o d e d  a  “ b u r n ” , f r o m  t h e  b a c k  o f  t h e  d r i v e r ’ s  sea.t.
However, t h e  r e p o r t  n o t e d  h e a d  t r a u m a ,  s e i z u r e s  p r e s e n t ,  s u s p e c t e d
b r a i n  c o n t u s i o n  f r o m  f r o n t  s e a t  b a c k ,  f o r  t h i s  o c c u p a n t .

RESTRAINT AND INJURIES

CASE UEHI CLE
SEATING POSITION: Driver

SEX : Femal e
AGE:  31
H E I G H T :  6 5  i n .
W E I G H T :  1 3 3  l b s .
RESTRAINT USED: Lap/Shoulder Be1 t

INJURIES AIS D/I (3) PROBABLE SOURCE

A b r a s i o n , Head 1 1 S t e e r i n g  W h e e l  H u b
C o n t u s i o n , P e l v i s 1 1 T r a n s m i s s i o n  L e v e r
C o n t u s i o n , T h i g h 1 1 S t e e r i n g  W h e e l
C o n t u s i o n , F a c e 1 1 S t e e r i n g  W h e e l  H u b
C o n t u s i o n , Head 1 1 H e a d r e s t
C o n t u s i o n , Elbow 1 1 Lt. S i d e  I n t e r i o r

SEATING POSITION:  Lef t  Rear
S E X :  F e m a l e
A G E :  4
H E I G H T :  4 4  i n .
W E I G H T :  2 4  l b s .
RESTRAINT USED: Lap Be1 t 138



CASE 90-12-

INJURIES

129 ( C: ONT )

AIS D/I (#> PROBABLE SOURCE

F r o n t  S e a t  B a c k
F r o n t  S e a t  B a c k

B u r n ,  H e a d 3 1
C o n t u s i o n ,  F a c e 1 1

SEATING POSITION:  Right  Rear
SEX:Femal  e
A G E :  5
H E I G H T :  4 7  i n .
W E I G H T :  4 3  l b s .
RESTRAINT USED: Lap Be1 t

INJURIES AIS D/I (X1

A b r a s i o n  5 H e a d 1 1
C o n t u s i o n , W h o l e  B o d y  1 7

t%‘> D / I  D i r e c t / I n d i r e c t  I n j u r y  - (
N o n c o n t a c t  I n j u r y ,  a n d  (7) U n k n o w n

SEAT PERFORMANCE

PROBABLE SOURCE

S e a t  B a c k
Unknown

1) D i r e c t  C o n t a c t  I n j u r y ,
S o u r c e

I
I

I

I
I
I

( 3>

D r i v e r ’ s  S e a t - S e a t  T r a c k / A n c h o r  F a i l u r e  - D e f o r m e d  b y  O c c u p a n t
R i g h t  F r o n t  P a s s e n g e r  - U n o c c u p i e d ,  N o  F a i  1  u r e
R e a r  S e a t - N o  R e c o r d e d  F a i l u r e

MISC INFORMATION
Ul - 1 9 7 4  P l y m o u t h  F u r y  - W e i g h t  4 3 1 5  l b s .  - D e l t a  U 8  m p h
u3 - 1 9 8 7  C h e v r o l e t  S - 1 0  P i c k u p



6 ‘

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
i-j

C A S E  8 9 - l  l - 1 4 1

CASE VEHICLE: 1 9 8 9  F o r d  P r o b e ,  2-Door (U2)
CASE UEHI CLE WE1 GHT: 2 7 1 5  l b s .
CASE UEHI CLE DELTA U: 25 mph

CI RCUt’lSTANCES

V e h i c l e s  U2 a n d  U3 w e r e  s t o p p e d  i n  a  l e f t  t u r n  l a n e . Ul r e a r
e n d e d  U2 p u s h i n g  i t  i n t o  U 3 . Ul a n d  U2 w e r e  t o w e d  f r o m  t h e  s c e n e
d u e  t o  d a m a g e . U3 w a s  d r i v a b l e . U2 s u s t a i n e d  m o d e r a t e  r e a r
damage. T h e  b e l t  r e s t r a i n e d  d r i v e r  o f  U2 w a s  t r a n s p o r t e d  t o  t h e
h o s p i  t a l  a n d  r e l e a s e d . She l o s t  t h r e e  d a y s  w o r k .

T h e  f r o n t  s e a t s i n  t h e  c a s e  v e h i c l e  w e r e  b u c k e t  s e a t s .  w i t h  f o l d i n g
s e a t  b a c k s . T h e  h e a d r e s t s  w e r e  a d j u s t a b l e  w i t h  n o  r e p o r t e d
damage. A l t h o u g h  t h e r e  w a s  n o  r e p o r t e d  s e a t  f a i l u r e ,  t h e  d r i v e r ’ s
s e a t  a p p e a r e d  t i l t e d  r e a r w a r d  a  f e w  d e g r e e s  f u r t h e r  t h a n  t h e  r i g h t
f r o n t  s e a r  p a s s e n g e r ’ s  s e a t .

RESTRAINT AND INJLIRIES

CASE UEHI CLE
SEATING POSIT1 ON: Driver

S E X :  F e m a l e
AGE:  30
H e i g h t :  6 6  i n .
W E I G H T :  1 3 5  l b s .
RESTRAINT USED : Lap/‘Shou 1 der Be1 t

INJURIES AIS D/I ix> PROBABLE SOURCE

C o n c u s s i o n ,  H e a d 2 1
A b r a s i o n ,  K n e e 1 1
A b r a s i o n ,  F a c e 1 1
C o n t u s i o n ,  F a c e 1 1
C o n t u s i o n ,  E l b o w 1 1
C o n t u s i o n ,  K n e e 1 1
C o n t u s i o n ,  C h e s t 1 1

S t e e r i n g  W h e e l
C t r .  I n s t r .  P a n e l
S t e e r i n g  W h e e l
S t e e r i n g  W h e e l
Tr an s . Lever
C t r .  I n s t r .  P a n e l
S e a t  Be1 t  W e b b i n g

(W) D / I  Direct/Inridect  I n j u r y  - (1) D i r e c t  C o n t a c t  I n j u r y

SEAT PERFORMANCE
N o  r e p o r t e d  s e a t  f a i l u r e

MI SC INFORMATION
Ul 1 9 8 5  P l y m o u t h  V o y a g e r  - 2 7 7 0  l b s .  - D e l t a  U 2 4  mph
U3 1 9 8 4  F o r d  T e m p o  - 2 3 7 3  1  b s . 140 I
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CASE 90-77-  15 1

CASE VEHI CLE: 1 9 8 9  F o r d  T a u r u s ,  4-Door(V2)
CASE VEHI CLE WE1 GHT: 2 9 0 1  l b s .
CASE VEHICLE DELTA V: 20 mph

CIRCUMSTANCES

V e h i c l e s  111, V 2 ,  a n d  V 3  w e r e  t r a v e l i n g  i n  m e d i a n  l a n e  o f  a  t w o - w a y
t r a f f i c - w a y  w i t h  a  r e v e r s e  l a n e . V 3  s t o p p e d  f o r  t r a f f i c  a n d  V 2
had sl owed down. Vl r e a r  e n d e d  V 2  a n d  p u s h e d  V 2  i n t o  V 3  c a u s i n g
m i n o r  d a m a g e  t o  V 3 . Vl a n d  V 2  w e r e  t o w e d . T h e  o c c u p a n t s  o f  V 2
w e r e  t r a n s p o r t e d  t o  t h e  h o s p i t a l . V 2  r e c e i v e d  s e v e r e  u n d e r r i d e
damage. T h e  o c c u p a n t s o f  V 2  w e r e  u s i n g  t h e i r  l a p / s h o u l d e r  b e l t s . .
T h e  f r o n t s e a t  i n  V 2  w a s  a  s p l  i t  b e n c h  s e a t  w i t h  a d j u s t a b l e
h e a d r e s t . T h e r e  w a s  n o  f r o n t  s e a t  o r  h e a d r e s t  d a m a g e  r e p o r t e d .

RESTRAINT AND INJURIES

CASE VEHICLE
SEATING POSIT1 ON: Driver

SEX: Femal e
A G E :  6 4
HEIGHT: 63 i n .
WEIGHT: 135 lbs.

INJURIES AIS D/I (W>

K n e e s ,  C o n t u s i o n 1 1
A r m s ,  C o n t u s i o n 1 7
C h e s t ,  C o n t u s i o n 1 1
N e c k ,  S t r a i n 1 1
H e a d ,  C o n t u s i o n 1 1
H e a d ,  C o n c u s s i o n 2 1

S E A T I N G  P O S I T I O N :  R i g h t  F r o n t  P a s s e n g e r
SEX : Fema 1 e
A G E :  5 5
HEIGHT: 63 i n .
WEIGHT: 150 l b s .

N o  R e p o r t e d  I n j u r i e s

PRCGABLE  SOURCE

Lt. I n s t r .  P a n e l
Unknown
S t e e r i n g  W h e e l
H e a d r e s t
H e a d r e s t
H e a d r e s t

(3) D / I  D i r e c t / I n d i r e c t  I n j u r y - (1) D i r e c t  C o n t a c t  I n j u r y ,  a n d
(7) U n k n o w n  S o u r c e

SEAT PERFORMANCE
No Repor  ted Fai 1 ures

rrcs 142
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CASE 80 -77- 15 1 ( CfJNT>

MISC INFORMATION
Vl 1781 H o n d a  C i v i c  - W e i g h t ,  1 1 1 3  Ibs. - D e l t a  V ,  3 3  m p h
V 3  1 9 8 7  P l y m o u t h  Sundance

t-- ---_ _..-.-. --- -.-_ _ --- --- _ - - - - -

_--- - - -  - - - - - _-. _~ ____-.-. a- - -

I I-------- ___-  .__-- - -.-_-._--.._-._-  -----
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C A S E  8 8 - 1 1 - 1 5 5

CASE VEHICLE: 1 9 8 2  O l d s  T o r o n a d o ,  2-Door(V2)
CASE VEHICLE WEIGHT: 3 7 0 0  l b s .
CASE VEHICLE DELTA V: 17 mph

CIRCUMSTANCES

V e h i c l e  2  s t o p p e d  i n  i n s i d e  l a n e  o f  a  f o u r  l a n e  d i v i d e d  h i g h w a y
d u e  t o  t r a f f i c  j a m . Vl h i t  V 2  i n  r e a r . V 2  w a s  s e v e r e l y  d a m a g e d
i n  r e a r . V2's f r o n t  s e a t s  w e r e  s p l i t  b e n c h  w i t h  a d j u s t a b l e
h e a d r e s t s . T h e  h e a d r e s t s  w e r e  n o t  d a m a g e d . T h e  f r o n t  s e a t
y i e l d e d  a f t  a p p r o x i m a t e l y  4 0  d e g r e e s . T h e r e  w a s  n o  li O c c u p a n t
I n j u r y  F o r m " i n  t h e  f i l e  f o r  t h e  r i g h t  f r o n t  p a s s e n g e r . However,
t h e  c a s e  s u m m a r y  i n d i c a t e s  neck s t r a i n ,  AIS 1 ,  f r o m  i m p a c t  f o r c e .

RESTRAINT AND INJURIES

CASE VEHICLE
SEATING POSIT1 ON: Driver

S E X :  F e m a l e
A G E :  4 3
H E I G H T :  6 4  i n .
W E I G H T :  1 1 8  l b s .
RESTRAINT USED: L a p / S h o u l d e r  Belt

INJURIES AIS D/I(x)

Neck F S t r a i n 1 2

SEATING POSITION: Right  Front
SEX:mal e
A G E :  1 4
H E I G H T :  64 i n .
W E I G H T :  1 0 0  l b s .
RESTRAINT USED:  Lap/Shoulder  Bel t

N o  I n j u r y  S h e e t

SEATING POSITION:  Lef t  Rear
S E X :  M a l e
A G E :  1 2
H E I G H T :  6 0  i n .
W E I G H T :  7 8  l b s .
RESTRAINT USED: None

INJURIES AIS D/I (%‘>

N e c k , S t r a i n 1 3

PROBABLE  SOURCE

H e a d r e s t

PROBA5LE SOURCE

I m p a c t  F o r c e

d-2 144
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SEATING POSITION:  Right  Rear
SEX : Femal e
A G E :  1 6
H E I G H T :  6 5  i n .
W E I G H T :  1 1 0  lbs.
RESTRAINT USED : None

INJURIES AIS D/1(X> PROBABLE SOURCE

Head, L a c e r a t i o n 2 3 H a i r  c a u g h t  a n d
p u l l e d  b y  i m p a c t
f o r c e

Head, C o n c u s s i o n 1 2 S e a t  b a c k

(Z> D / I  D i r e c t / I n d i r e c t  I n j u r y  - (1) D i r e c t  C o n t a c t  I n j u r y ,  (2)
I n d i r e c t  C o n t a c t  I n j u r y , aand (3) N o n c o n t a c t  I n j u r y

SEGT PERFORMANCE
D r i v e r  a n d  r i g h t  f r o n t  s e a t s d e f o r m e d  b y  i m p a c t  o f  o c c u p a n t s  f r o m
f r o n t .
R e a r  s e a t  - D e f o r m e d  b y  c o m p a r t m e n t  i n t r u s i o n .

MI SC INFORMATION
Vi 1 9 8 2  F o r d  E s c o r t  - W e i g h t  2 0 8 9  lbs. - D e l t a  V  3 1  m p h

145



D
I
I
t
D
D
t
E
I
t
t
I
t

t

t

C A S E  9 0 - 0 9 - 1 5 8

CASE VEHICLE: 1 9 8 9  T o y o t a  C a m r y ,  4-Door(V2)
CASE VEHICLE WEIGHT: 3 2 4 0  l b s .
CASE IJEHICLE DELTA V: 9 mph

CIRCUMSTANCES

V e h i c l e s  1 ,  2 ,  a n d  3 w e r e  p r o c e e d i n g  t h r o u g h  a n  i n t e r s e c t i o n ,  a t
1 ow s p e e d , s a m e  l a n e , a n d  s a m e  d i r e c t i o n . A n  e m e r g e n c y  v e h i c l e
c r o s s e d  t h e i r  p a t h  aand Vl c a m e  t o  a n  a b r u p t  s t o p . V 2  i m p a c t e d  Vl
f r o m  t h e  r e a r . V 3  t h e n  i m p a c t e d  V 2  f r o m  t h e  r e a r . T h e r e  w a s
m i n o r  danage  t o  t h e  f r o n t  a n d  r e a r  o f  V 2 . T h e  d r i v e r  a n d  r i g h t
f r o n t  b u c k e t  s e a t s  w e r e  n o t  d a m a g e d . T h e  f o u r  d o o r s  r e m a i n e d
o p e r a t i o n a l . T h e r e  w a s n o  h e a d r e s t  d a m a g e . T h e  d r i v e r  u s e d  t h e
a u t o m a t i c  s h o u l d e r  b e l t  a n d  t h e  m a n u a l  l a p  b e l t . T h e  d r i v e r  o f
V 2  c l a i m e d  l o s s  o f  c o n s c i o u s n e s s  f o r  t h r e e  m i n u t e s . He had no
h e a d  i n j u r y . H e  l o s t  t w o  d a y s  o f  w o r k .

RESTRAINT AND INJURIES

CASE VEHICLE
SEATING POSITION: Driver

S E X :  M a l e
A G E :  2 6
H E I G H T :  6 8  i n .
W E I G H T :  1 2 5  l b s .
R E S T R A I N T  U S E D :  A u t o m a t i c  S h o u l d e r  B e l t  +  M a u u a l  L a p  B e l t

INJURIES AIS D/I(W) PROBABLE SOURCE

Neck, S t r a i n 1 2 Sunvisor
Head, C o n c u s s i o n 2 1 Sunvisor

(3c)  D / I  D i r e c t / I n d i r e c t  I n j u r y  - (1) D i r e c t  C o n t a c t  I n j u r y ,  a n d
(3) N o n c o n t a c t  I n j u r y

SEAT PERFORMANCE
D r i v e r  a n d  u n o c c u p i e d  r i g h t  f r o n t  p a s s e n g e r  s e a t e  - N o  d a m a g e

MISC INFORMATION
Vl 1 9 9 0  D o d g e  R a m  P a s s e n g e r  V a n
V 3  1 9 8 4  A u d i  4000s  - W e i g h t ,  2 1 4 6  l b s .  - D e l t a  V ,  8  m p h

I
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CASE ?IEHICLE: 1 9 8 2  D o d g e  C o l t ,  4-Door(V2!
CASE VEHICLE WEIGHT: 1953 1 bs .
CASE VEHICLE DELTA tv': 24 mph

CIRCUMSTANCES

V e h i c l e  1 , u n o c c u p i e d  a n d  o u t  o f  g a s ,  w a s  s t o p p e d  o n  r o a d w a y .  V 2
s t r u c k  Vl a n d  i n  t u r n  w a s  s t r u c k  b y  V 3 . T h e  f r o n t  s e a t s  i n  V 2
w e r e  b u c k e t  s e a t s  w i t h  f o l d i n g  s e a t  b a c k s . Both  were  undamaged.
The s e a t s  c o n t a i n e d  a d j u s t a b l e  h e a d r e s t s . V 2  r e c e i v e d  m o d e r a t e l y
s e v e r e  d a m a g e .

RESTRBINT AND INJURIES

CASE VEHICLE
SEATING POSITION: Driver

S E X :  M a l e
A G E :  2 5
H E I G H T :  7 1  i n
W E I G H T :  1 5 0  l b s .
RESTRAINT USED: L a p / S h o u l d e r  b e l t

INJURIES 41s D/I f. 3) PROBABLE SOURCE

Head, C o n c u s s i o n 3 7 Unknown
F a c e , m u l t i p l e  l a c e r a t i o n s 1 7 Unknown
W h o l e  B o d y ,  C o n t u s i o n s 1 7 Unknown

(3) D / I  D i r e c t / I n d i r e c t  I n j u r y , (1) D i r e c t  C o n t a c t  I n j u r y ,  (3)
N o n c o n t a c t  I n j u r y , (7) U n k n o w n  S o u r c e

SEAT PERFORMANCE
D r i v e r  a n d  u n o c c u p i e d  r i g h t  f r o n t  - N o  f a i l u r e .

MISC INFORMATION
Vl - 1 9 7 7  B u i c k  R i v i e r a  - W e i g h t  3 9 1 7  l b s .
v 3  - 1 9 8 6  P o n t i a c  Sunbird - W E I G H T  2 3 4 7  l b s .  - D e l t a  V  19 m p h
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C A S E  8 8 - 1 0 - 1 6 0

CASE UEHI CLE: 1 9 8 0  F o r d  P i n t o ,  2-Door(Ul>
CASE VEHICLE WEIGHT: 2488  1  bs .
CASE VEHICLE DELTA U: 48 mph

CIRCUMSTANCES

V e h i c l e  1  w a s  t r a v e l i n g  i n  t h e  f i r s t  l a n e  o f  a n  i c e  c o v e r e d
hi ghway . Ul h i t  i c e  o n  b r i d g e  a p p r o a c h  a n d  s p u n  a  n u m b e r  o f
t i m e s . U2 i m p a c t e d  Ul i n  r e a r . Ul b u r s t  i n t o  f l a m e s . U2 w a s
a l s o  e n g u l f e d  i n  f l a m e s f r o m  r e s t i n g  a g a i n s t  Ul. T h e  d r i v e r  o f  Ul
w a s  t r a n s p o r t e d  t o  a  b u r n  f a c i l i t y  w h e r e  h e  d i e d  f r o m  c a r d i a c
a r r e s t  t h i r t e e n  h o u r s  a f t e r  t h e  a c c i d e n t . T h e  U2 d r i v e r  w a s
h o s p i t a l i z e d  f o r  b u r n s . Ul r e c e i v e d  v e r y  s e v e r e  r e a r  d a m a g e . T h e
Ul d r i v e r  w a s  n o t  i n  t h e  h a b i t  o f  u s i n g  t h e  s e a t  be1 t . The
d r i v e r s s e a t  i n  Ul w a s  a  b u c k e t s e a t  w i t h  f o l d i n g  b a c k  c o d e d  n o
f a i l u r e . H o w e v e r  i t  w a s  b u r n e d  b y  t h e  f i r e .  T h e  d r i v e r ’ s  h e a d
r e s t  w a s t h e  a d j u s t a b l e  t y p e  d a m a g e d  i n  t h e  a c c i d e n t ,

RESTRA I NT AND I NJUR I ES

CASE UEHI CLE
SEATING POSITION: Driver

S E X :  M a l e
A G E :  1 9
H E I G H T :  7 3  i n .
W E I G H T :  2 0 0  l b s .
RESTRAINT USED: None

INJURIES AIS D/I (Z> PRO8AELE SOURCE

H e a d ,  C o n c u s s i o n 5
Burn 1
A b d o m e n ,  L a c e r a t i o n 2
N e c k ,  F r a c t u r e 2
P e l v i s ,  L a c e r a t i o n 2

7 Unknown
3 F i r e
7 Unknown
7 Unknown
7 Unknown

(3) D / I  Direc/Indirect  I n j u r y  - (1) D i r e c t  C o n t a c t  I n j u r y ,  (2)
I n d i r e c t  C o n t a c t  I n j u r y ,  (3) N o n c o n t a c t  I n j u r y ,  a n d  (7) U n k n o w n
S o u r c e

S e a t  P e r f o r m a n c e
R e p o r t e d  n o  f a i l u r e  - S e a t s s o  b a d l y  b u r n e d  c a n ’ t  c o n f i r m  b y
p h o t o s .

MI SC INFORMATI ON
U2 1 9 8 8  G M C  S a f a r i  U a n  - W e i g h t  3 6 5 5  1  b s .  - D e l  t a  U 3 4  m p h
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C A S E  9 0 - 1 2 - 1 9 1

CASE UEHI CLE : 1 9 8 9  C h e v r o l e t  C o r s i c a ,  4-Door(tJ2)
CASE VEHICLE WEIGHT: 2 5 9 5  l b s .
CASE VEHICLE DELTA U: 14 mph

CIRCUMSTANCES

V e h i c l e s  1 a n d  2  w e r e  t r a v e l i n g  o n  a  f o u r  l a n e ,  t w o  w a y ,  h i g h w a y
i n  t h e  s e c o n d  l a n e . U2 s t o p p e d  t o  t u r n  l e f t  w h e n  h i t  i n  r e a r  b y
Ul. T h e  f r o n t  s e a t s  o f  U2 w e r e  b u c k e t  s e a t s  w i t h  a d j u s t a b l e
h e a d r e s t s . T h e r e  w a s  n o  r e p o r t e d  d a m a g e  t o  t h e  h e a d r e s t s . B o t h
f r o n t s e a t s  w e r e  d e f o r m e d  a p p r o x i m a t e l y  4 5  d e g r e e s  b y  t h e
o c c u p a n t s . U2 r e c e i v e d  m o d e r a t e  r e a r  d a m a g e  i n  t h e  c r a s h .

T h e  c a s e  v e h i c l e  w a s  e q u i p p e d  w i t h  a u t o m a t i c  b e l t s . I t  w a s
r e p o r t e d  t h a t  t h e  r i g h t  f r o n t  p a s s e n g e r ’ s  b e l t  “ j a m m e d  i n  d o o r ” .

RESTRAINT AND INJURIES

CASE UEHI CLE
SEATING POSITION: Driver

SEX : Femal e
A G E :  4 2
H E I G H T :  5 9  i n .
W E I G H T :  1 9 0  l b s .
RESTRAINT USED: Automatic Be1 t

INJURIES AIS D/I (#> PROBABLE SOURCE

S t r a i n ,  N e c k 1 3 Noncon  tat t
C o n t u s i o n ,  L e g 2 1 Lt. I n s t r .  P a n e l

S E A T I N G  P O S I T I O N :  R i g h t  F r o n t  P a s s e n g e r
S E X :  F e m a l e
A G E :  6 9
H E I G H T :  6 0  i n ,
W E I G H T :  1 4 0  l b s .
RESTRAINT USED: Automatic Be1 t

INJURIES AIS D/I (?f) PROBGBLE SOURCE

S t r a i n ,  N e c k 1 3 Noncon  tat t
C o n t u s i o n , Who1  e Body 1 1 S e a t  B a c k

(x> D/I D i r e c t / I n d i r e c t  I n j u r y  - (1) D i r e c t  C o n t a c t  I n j u r y ,  a n d
(3) N o n c o n t a c t  I n j u r y



C A S E  9 0 - 1 2 - 1 9 1  (COIqTj

SEAT PERFORMANCE

60th f  ran t s e a t s .  d e f o r m e d  b y  i m p a c t  o f  o c c u p a n t .

MI SC INFORMATI  ON

Ul - 1 9 8 2  C h e v r o l  e t  C h e v e t t e

L- -----
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C A S E  9 0 - 1 2 - 1 9 2

I
t
I
I
r
I
I

CASE UEHI CLE: 1 9 8 8  F o r d  E s c o r t  ,  2 - D o o r  (U2i
CASE ‘JEHI CLE WE1 GHT: 2 1 8 7  lbs.
CASE VEHICLE DELTA U: 16 mph

CIRCUMSTANCES

V e h i c l e  1 , t r a v e l i n g  o n  a  t w o - w a y , f o u r  l a n e  r o a d  r e a r  e n d e d  U 2 ,
w h i c h  w a s  s t o p p e d  i n  t h e  l e f t  t u r n  l a n e . Al 1  o c c u p a n t s  w e r e
be1 t e d . U2 r e c e i v e d  m o d e r a t e  r e a r  d a m a g e . T h e  f r o n t  s e a t s  i n  U2
w e r e  b u c k e t  s e a t s w i  t h  f o l d i n g  b a c k s . T h e  h e a d r e s t s  w e r e
a d j u s t a b l e  w i t h  n o  r e p o r t e d  d a m a g e . T h e  d r i v e r ’ s  s e a t  w a s
d e f o r m e d  r e a r w a r d  approxima.tely  4 5  d e g r e e s .  T h e  d r i v e r  l o s t  s i x
d a y s w o r k  a s a  r e s u l t  o f  t h e  a c c i d e n t .

RESTRAINT AND INJURIES

151

CASE UEHI CLE
SEATING POSITION: Driver

S E X :  M a l e
A G E :  2 9
H E I G H T :  75 i n .
W E I G H T :  2 3 4  l b s .
R E S T R A I N T  U S E D :  A u t o m a t i c  S h o u l d e r  B e l t  +  M a n u a l  L a p  B e l t

INJURIES AIS D/I (W> PROBABLE SOURCE

L a c e r a t i o n ,  F a c e
C o n t u s i o n ,  F a c e
S t r a i n  N e c k,

1 1 . S t e e r i n g Wheel
1 1 S t e e r i n g Wheel
1 1 S t e e r i n g Wheel

(X) D/I D i r e c t / I n d i r e c t  I n j u r y  - (1) D i r e c t  C o n t a c t  I n j u r y

SEAT PERFORMANCE
D r i v e r ’ s  S e a t  - D e f o r m e d  b y  o c c u p a n t  i m p a c t
R i g h t  F r o n t  P a s s e n g e r ’ s  S e a t  - U n o c c u p i e d  - N o  F a i l u r e

MISC INFORMATION
Ul - 1 9 7 6  M e r c u r y  B o b c a t  - W e i g h t  2 7 7 3  l b s .  - D e l t a  U 1 3  m p h
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C A S E  9 0 - 9 0 - 7 1 - 2 0 3

CASE UEHI CLE: 1 9 8 6  P o n t i a c  G r a n d  A m ,  4-Door(Ul>
CASE VEHICLE WEIGHT: 2565 1 bs..
CASE VEHICLE DELTA U: 11 mph

CIRCUMSTANCES

V e h i c l e  1 h a d  s t o p p e d  o n  a  t w o - l a n e  u n d i v i d e d  h i g h w a y  w a i t i n g  t o
t u r n  l e f t  i n t o  a  d r i v e w a y . U2 s t r u c k  Ul i n  r e a r . B o t h  v e h i c l e s
w e r e  t o w e d . A l l  o c c u p a n t s  w e r e  t r a n s p o r t e d  t o  t h e  h o s p i t a l  a n d
r e l e a s e d . T h e r e  w e r e  f o u r  o c c u p a n t s  i n  Ul. 60th f r o n t  s e a t
o c c u p a n t s  w e r e  u s i n g  t h e i r  l a p / s h o u l d e r  be1 t s . B o t h  r e a r  s e a t
o c c u p a n t s  w e r e  u s i n g  t h e i r  l a p  b e l t s . T h e  f r o n t  s e a t s  o f  Ul w e r e
b u c k e t  s e a t s  w i t h  f o l d i n g  s e a t  b a c k s . T h e  h e a d r e s t s  w e r e
a d j u s t a b l e  w i t h  n o  d a m a g e . T h e  d r i v e r ’ s  s e a t  w a s  d e f o r m e d  b y
i m p a c t  o f  o c c u p a n t  a n d  i t  w a s .  n o t e d  t h a t  t h e  s e a t  a d j u s t e r s
f a i l e d . T h e  r i g h t  f r o n t  p a s s e n g e r s e a t  w a s  d e f o r m e d  b y  i m p a c t  o f
t h e  o c c u p a n t  . T h e  f r o n t  s e a t s  h a d  y i e l d e d  rea.rward  a p p r o x i t e l y
2 5 - 3 0  d e g r e e s . T h e r e  w a s  n o  r e p o r t e d  r e a r  s e a t  f a i l u r e . T h e r e
w a s  m o d e r a t e  d a m a g e  t o  t h e  r e a r  o f  Ul. T h e  1  e f  t  r e a r  p a s s e n g e r
l o s t  t w o  d a y s  w o r k  a m d  t h e  r i g h t  r e a r  p a s s e n g e r  l o s t  s e v e n  d a y s ,
T h e  r i g h t  r e a r  p a s s e n g e r  w a s s i t t i n g  t u r n e d  t o  t h e  r i g h t  b e f o r e
t h e  a c c i d e n t .

RESTRAINT AND INJURIES

CASE UEHI CLE
SEATING POSITION: Driver

SEX : Fema 1 e
A G E :  1 7
H E I G H T :  6 4  i n .
W E I G H T :  1 6 5  lbs.
RESTRAINT USED: Lap/Shoulder Be1 t

INJURIES AIS D/I (X1 PROBABLE SOURCE

Head, C o n t u s i o n 1 1 H e a d r e s t

S E A T I N G  P O S I T I O N :  R i g h t  F r o n t  P a s s e n g e r
SEX: Femal e
A G E :  1 7
H E I G H T :  6 2  i n .
W E I G H T :  1 0 0  l b s .
RESTRAINT USED: Lap/Shoulder Be1 t

INJURIES AIS D/I (3c)

N e c k , S t r a i n 1 1

PROBABLE SOURCE

H e a d r e s t
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CASE 90-71-203(CONTi

INJURIES AIS D/I(x) PROBABLE SOURCE

b a c k , S t r a i n 1 1 S e a t  Back
B a c k , fracture(3ix) 2 1 S e a t  B a c k

(xx> P o s s i b l e  w e d g i n g  o f  T - 6 ,  T - 7 ,  a n d  T - 8 .

SEATING POSITION:  Lef t  Rear
SEX: Female
A G E :  1 6
H E I G H T :  6 6  i n .
W E I G H T :  1 2 0  lbs.
RESTRAINT USED:  Lap Bel t

SEATING POSITION:  Right  Rear
SEX: Femal e
A G E :  1 7
H E I G H T :  6 4  i n .
W E I G H T :  1 1 5  l b s .
RESTRAINT USED:  Lap Bel t

I NJURI ES AIS D/I{%> PROBABLE SOURCE

Head, C o n c u s s i o n  (Mild> 1 1 H e a d r e s t

(Xi> D/I D i r e c t / I n d i r e c t  I n j u r y  - (1) D i r e c t  C o n t a c t  i n j u r y

SEAT PERFORMANCE
D r i v e r ' s  s e a t  - D e f o r m e d  b y  i m p a c t  o f  o c c u p a n t  a n d  s e a t  a d j u s t e r s
f a i l e d .
R i g h t  f r o n t - D e f o r m e d  b y  i m p a c t  o f  o c c u p a n t
R e a r  s e a t - n o  f a i l u r e

MISC INFORMATION
U2 1 9 8 4  P o n t i a c  52000 Sunbird
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CASE UEHI CLE: 1 9 8 5  H o n d a  P r e l u d e ,  2-Door(~Jlj
CASE UEHI CLE WE1 GHT: 2266  1  bs .
CASE UEHICLE DELTA U: 19 mph

CI R’XMSTANCES

U e h i c l  e  1  w a s  s t o p p e d  b e c a u s e  i  t  w a s j u s t  p r e v i o u s l y  i n v o l v e d  i n  a
f r o n t a l  i m p a c t  . U2 s t r u c k  Ul i n  r e a r .  U l ’ s  f r o n t  s e a t  L3as a
b u c k e t  s e a t  w i t h  f o l d i n g  b a c k . T h e  h e a d r e s t s  w e r e  a d j u s t a b l e  a n d
not  damaged. T h e r e  w a s  n o  d a m a g e  t o  e i t h e r  f r o n t  s e a t . The
d r i v e r  o f  Ul l o s t  t w o  d a y s w o r k  a s  a  resul t  o f  t h e  a c c i d e n t .

RESTRAINT AND INJYRI ES

CASE UEHI CLE
SEATING POSITION: Driver

SEX: Fema 1 e
A G E :  3 8
H E I G H T :  6 8  i n .
W E I G H T :  1 5 0  l b s .
RESTRAINT USED: Lap/Shoulder be1 t

INJURIES AIS D/I (x1 PRO8ABLE SOURCE

Head, L a c e r a t i o n
S h o u l d e r , C o n t u s i o n

2
1

1
1

Lt. ‘B” P i l l a r
Lt. ‘B” Pi  1  lar

(3) D / I  Direct/Inditect I n j u r y  - (1) D i r e c t  C o n t a c t  I n j u r y ,  a n d
(2) I n d i r e c t  I n j u r y

SEAT PERFORMANCE
N e i t h e r  t h e  d r i v e r ’ s  o r  u n o c c u p i e d  r i g h t  f r o n t  s e a t s  w e r e  d a m a g e d .

MI SC INFORMATION
U2 1 9 7 6  C h e v r o l e t  L a g u n a  - W e i g h t  4 0 6 1  l b s .  - D e l t a  U 1 1  m p h
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C A S E  9 0 - 4 5 - 2 4 1

CASE ‘JEHI CLE: 1 9 8 9  F o r d  T e m p o ,  4-Door  (?12>
CASE VEHICLE WEIGHT: 2587  1  bs .
CASE VEHICLE DELTA U: 16 mph

CIRCUMSTANCES

V e h i c l e  2  w a s  s t o p p e d  o n  a  t w o  l a n e  r o a d  w a i t i n g  f o r  t r a f f i c  t o
c l e a r  w h e n  i t  w a s  r e a r  e n d e d  b y  [Jl. U2 w a s p u s h e d  i n t o  t h e  l a n e
o f  o n c o m i n g  t r a f f i c  w h e n  h i t  i n  t h e  f r o n t  l e f t  c o r n e r  b y  U3. T h e
f r o n t  s e a t s i n  U2 w e r e  b u c k e t  s e a t s  w i t h  f o l d i n g  s e a t  b a c k s . T h e
h e a d r e s t s  w e r e  a d j u s t a b l e  w i t h  n o  dama.ge r e p o r t e d . T h e  U2
d r i v e r ’ s  s e a t  w a s d e f o r m e d  r e a r w a r d  a p p r o x i m a t e 1  y  2 0  d e g r e e s
b e y o n d  n o r m a l . T h e  d r i v e r  o f  U2 l o s t  1 0  d a y s  w o r k  a s  a  r e s u l  t  o f
t h e  a c c i d e n t .

RESTRAINT AND INJURIES

CASE UEHI CLE
SEATING POSITION: Driver

S E X :  F e m a l e
A G E :  3 9
H E I G H T :  6 1  i n .
W E I G H T :  2 2 0  l b s .
R E S T R A I N T  U S E D :  A u t o m a t i c  S h o u l d e r  B e l t  +  M a n u a l  L a p  B e l t

INJURIES AIS D/I (X> PROBABLE SOURCE

F r a c t u r e ,  C l a v i c l e 2 1 Be1 t  Webbing
C o n t u s i o n ,  A n k l e 1 1 F o o t  C o n t r o l s

(Xt) D / I  D i r e c t / I n d i r e c t  I N J U R Y  - (1) D i r e c t  C o n t a c t  I n j u r y

SEAT PERFORMANCE
D r i v e r ’ s  S e a t  - D e f o r m e d  b y  i m p a c t  f o r c e

MISC INFORMATION
Ul - 1978 C h e v r o l e t  C a m e r o  - W e i g h t  3 5 3 7  1  b s .  - D e l  t a  U 1 2  m p h
u3 - 1 9 8 7  D o d g e  R a m  1 5 0  T r u c k  - W e i g h t  3 4 5 0  1  b s .



CASE 81-584

CASE UEHI CLE: 1 9 8 9  F o r d  E s c o r t ,  4 - D o o r  (U2>
CASE ‘JEHI CLE WE1 GHT: 2 3 1 3  l b s .
CASE VEHICLE DELTA U: 18 mph

CIRCUMSTANCES

V e h i c l e  2  w a s  s t o p p e d  a t  a  t r a f f i c  s i g n a l  i n  t h e  s e c o n d  l a n e .  V 2
w a s  a l s o  s t o p p e d  n e x t  t o  U3 i n  t h e  c e n t e r  l e f t  t u r n  l a n e .  Vl
i m p a c t e d  V 2  f r o m  t h e  r e a r  a n d  t h e n  s i d e  s w i p p e d  V 3 . V2 r o t a t e d
1 8 8  d e g r e e s cl  ockwise on impact  . A l l  o c c u p a n t s  w e r e  b e l t e d .  Vl
a n d  V 2  w e r e  t o w e d  f r o m  t h e  s c e n e . V 3  w a s  d r i v e n  f r o m  t h e  s c e n e .
T h e  d r i v e r  o f  U2 w a s  t r a n s p o r t e d  t o  t h e  h o s p i t a l  a n d  r e l e a s e d .

T h e  c a s e  v e h i c l e ’ s  f r o n t s e a t s  w e r e  b u c k e t  s e a t s  w i t h  f o l d i n g  s e a t
b a c k s  a n d  a d j u s t a b l e  h e a d r e s t s . T h e r e  w a s n o  d a m a g e  r e p o r t e d  t o
t h e  h e a d r e s t s . T h e  d r i v e r ’ s s e a t  r o t a t e d  a f t  a p p r o x i m a t e l y  4 5
d e g r e e s .

RESTRAINT AND INJURIES

CASE VEHICLE
SEATING POSITION: Driver

S E X :  M a l e
A G E :  2 7
H E I G H T :  7 1  i n .
WEIGHT: 165
R E S T R A I N T  U S E D :  M a n u a l  l a p  b e l t  +  A u t o m a t i c  shoulds,?  b e l t

INJURIES AIS D/I < xj PROSABLE SOURCE

S t r a i n ,  n e c k
L a c e r a t i o n ,  K n e e

1 3 I m p a c t  F o r c e
1 7 Unknown

(X> D / I  D i r e c t / I n d i r e c t  I n j u r y  - (1) D i r e c t  C o n t a c t  I n j u r y ,  (3)
N o n c o n t a c t  I n j u r y , a n d  (7) U n k n o w n  S o u r c e

SEAT PERFORMANCE
D r i v e r ’ s  S e a t  - S e a t  b a c k  f o l d i n g  l o c k s  f a i l e d
R i g h t  F r o n t  P a s s e n g e r ’ s  S e a t  - N o  F a i l u r e

MI SC INFORMATION
Vl 1 9 9 8  C h e v r o l e t  S t o r m  - W e i g h t  2 2 8 2  lbs. - D e l t a  V  1 8  m p h
U3 1 9 8 9  C h e v r o l e t  1588 P i c k u p

156



157



APPENDIX E

Rear Seat Occupants

in Forty-nine Rear Impact Cases
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T h e r e ,,.,epp cssec.  i n  w h i c h  t h e  cace v e h i c l e s .  c o n t a i n e d  r e a r
ceai: Cal: c IJ pan t 5 . Fo 1 1 COW i n g i z. a rev i ew of oc c u pan t and seat
perf orm3nce in t h e s e  a c c i d e n t s .

I::& 5. E ;z: ;I- - 4 1 _ ,3 7 3 -- _a 1987 Ford Taurus. - De 1 t a v 28 mph
T h e r e  w e r e  t h r e e  occupants.  i n  t h e  r e a r  s e a t !  a l  1  u n r e s t r a i n e d ?
3. q p 5. 4 7 t ,:a 7 6 . T h e  r e a r  seat was. i n t r u d e d  f r o m  t h e  r e a r . T h e
~j r i a.<.~ p r .’ s. 5 e a t 0~ a 5. c. 1 i gh t 1 yy deformed rearward . A l  1  t h ree  occupants
(>.lgr p struck:  i n  t h e  b a c k  by t h e  b a c k  o f  t h e  r e a r  s e a t . T h e  l e f t
resr pac.r.enger r e c e i v e d  a  back s t r a i n  f r o m  t h e  rear seat back! a n d
.a II rl e e con tuzi on f r om the front seat back . The ten ter r e a r
p+zzenger  r e c e i v e d  a f r a c t u r e d  p e l v i s .  a,nd contur.ion  o f  t h e  a b d o m e n
t:rGm  t h e  r e a r  5eat bacl: p l u s  m a n y i n .j u r i e 5. o f u n k n 01,j.j  n E. o u r c e , m a n ;/
c~f w h i c h  co1 d  b e  f r o m t h e f r on t c. e a t b a c 1,: . T h e  r i g h t  re.sr
pas.5.enger r e c e i v e d  c a t a s t r o p h i c in.jury f r o m  t h e  r e a r  .seat b a c k  a n d
,jicd a.~ a  resul  t  o f t h e 5 . e  ln.jurles.

‘zirlce t h e r e  were m a n y  u n k n o w n  in.jury  s o u r c e s  i n  thiz. case, i t  is.-I
h a r d  t o  Idetermine  i f  t h e  r e a r s e a t  o c c u p a n t s  c o n t r i b u t e d  t o  f r o n t
s 2 .a t 0 c c u pan t i n .j u r y . I t  i s  d o u b t f u l  t h a t  t h e  f r o n t  s e a t
accupan  ts c o n t r i b u t e d  t o  t h e  r e a r s e a t  o c c u p a n t 5  i n j u r i e s . .

,I& 5; E F’Q-i)7- 100 - 15’88 Ford Tempo - Del t a 1.1  3 1 mph
T h e r e 1.4 e r e t I~JCI  oc c IJ pan t c. i n t h e r ear 5, e a t . a 34 year 0 1 d ma 1 e y
reztra.ined! w a s  i n  t h e  l e f t  r e a r  E.eat. H e r e 11 e i v e d i r-1 .j u r i e 5. f r om
bG t h t h e b a c I( of t h e  front s.eat and t h e  rear s e a t  b a c k .  A  26 y e a r
01 d femal e’! u n r e s t r a i n e d ,  waz. i n t h e  r i g h t  r e a r  s e a t . 5 h e
r e c e i v e d  m i n o r  knee a n d  l e g  i n j u r i e s  f r o m  t h e  bacK o f  t h e  f r o n t
<eat. I t  is. d o u b t f u l  ,that t h e  r e a r  s e a t  o c c u p a n t s  ca.used  a n y
i n .j u r ;/ t o  t h e  f r o n t s e a t  o c c u p a n t s . T h e  right f r o n t  s e a t  r o t a t e d
r pa rw a.~- d 2 bc~u  t 2 8 d e g r e e s .

I,&yCE 9rj-45-232 - ln?8& Chel;rol et Spec t r urn - Cjel ta ., 37! j mph
T l-1 e r e IAJF r e twc~ oc c u pan t c. i n t h e r ear se a t . i+ l a p  be1 t e d  t h r e e

a. .I + 3 rI 411 1 tj w a. E. i rl t h e 1 e f t r e a r 5. e a t 3. ri d a 1 a p be 1 t e d f i “.,‘e ‘, e 3 r o 1 d
i rl t h e  rioht r e a r E.F& t . T h e  t h r e e  year 0 1 d r e 11 e i s.....se  j m i n 1-1  r
injuries  irom t h e  r e a r  se&t a n d  t h e ’ f  ive year 13 1 d IVJ 2 5 rt CI t
i rl .J u r i e d . T h e r e a p p e a r s  t o  b e  no r e a r  ,seat i rl .j IJ r i e 5 f r cm t h e
f r 0 n t geat b a c k  a n d  i t  is n o t  a p p a r e n t t h a t  t h e  r e a r  s=at
0 c c IJ pa ri t E. c a u 5 e d f r 0 n t 5.e 5 t i t-1 .j u r y . 159
1:. & 5 e ‘T’D-7 l-203 - 1886 Pan t i SC Gr arId &m - Del t a ,[.I .1 1 mph
Th e r e we r e t MCI 1 a p be 1 t ed oc c u pan t 5. i n t h e r e .a r 5-e a t . A 5 i 1:: t e e n
vear o l d  i n  t h e  l e f t  r e a r  a n d  a  seventeen  y e a r  o l d  i n  t h e  right
rear . T h e  1  e f  t  r e a r  o c c u p a n t  r e c e i v e d  a  b a c k  f r a c t u r e  f r o m  t h e
r e a r s e a t  b a c k . T h e  r i g h t  r e a r  o c c u p a n t  r e c e i v e d  a  mi 1  d
concucsion  f r o m  t h e  r e a r  s e a t  h e a d r e s t . T h e  f r o n t seat yi el ded



rea.rward a.ppro;:imatel  2’ 30 d e g r e e s . I t  a p p e a r s  t h a t  n e i t h e r  t h e
‘,-a i e 1 d i n Q f r on t se a t s o r t 11 e f r on t seat occupan  tc. had any i nf 1 uence
0 n r ea.r s.eat C~CilJpa,rit  i n j u r y ,  o r  v i c e  verE.5.

C.&SE E:8-45- 103 - 1’,7:30 !,!W pat,t,it -\ rje i t a 1.1  4 2 i7ph
There M&S. one rea.r  r.est C~iCUpa.rnt , an e i  qh teen yea.r ol d 1 ap kel ted
femal e  in t h e  r i g h t  r e a r  5ea.t. T h e CI c c u p s rl t r e c e i v e d ma n yi* ITI i n cl r
injuriez f r o m  t h e  f r o n t  s e a t  ba.cI,:  a n d  a  p e l v i s  a n d  back  f r a c t u r e
f r o m  ‘ t h e  r e a r  s e a t  ba.cl:. T h e  r i g h t  f r o n t  o c c u p a n t  r e c e i v e d  a
n 0 n c 0 ri t 3. c t n e c k 1: r a c t u r e a rl d u rl I: rl cw rl i n ,_i u r i e c. f r om a. n u n I: n GW n
four-ce! and died from mu 1 t i pl e in ternal i n %i u r i e c. . It i an n 0 t b e

d e t e r m i n e d  i f  t h e  r e a r  s e a t  o c c u p a n t c o n t r i b u t e d  t o  t h e  f r o n t  seat
oc c u pan t . . s u n I: n own i n .j u r i e E b u t  i t  is d o u b t f u l  i f  rhe d i d .

(:&SE 9@-12-127 - 1985 E:uick  Skyhawk  - [)elta t> 15 m p h
T h e r e IJJ e r e two o c i IJ p ic n t S. i n t h e r e a. r se a t . A  f o u r  y e a r G 1 d i n t h e
1  cft rear a n d  a  f i v e yea.r 01 d  i n  t h e  1  e f  t  r e a r ,  b o t h  1  a.p be1 t e d .
The  1  e f  t  rea.r o c c u p a n t  recei ved a  h e a d  b u r n  f r o m  t h e  f r o n t  s e a t
ba.cI: . T h e  r i g h t  r e a r  clccuparr t  r e c e i v e d  a  m i n o r  h e a d  abrasion f r o m
t h e r ea. r se a t b a c 1:’ . The dr i ver ’ s sea t y i e 1 de d a p p r o ?: i ma. t e 1 y,’ 4 5
degrees.  a n d  c o u l d  h a v e  c o n t r i b u t e d  t o t h e r e a r 0 c c u p a n t I’ 5. i rl .j u r y* .
T h e r e  o~as n o  r i g h t  front OiCUp;rrlt. The  1  e f  t  r ea r  occupant  did  not
c o n t r i b u t e  t o  t h e  d r i v e r ’ s  injuriec..

C$,;,E 88-5@-040  - 1’984 Chevpol et C:amercg - Cjel ta 1.1 25 ITlFah
There w e r e  t w o  occupants.  i n  t h e  r e a r  seat? both 1 ap be1 ted. The
5.i >f teen yea.r  01 d in the 1 ef t rea.r 5.ea.t  received a  hea.d  1  acerat i  on
f r cm u n I: n CII.~J rl s o u r c e ! FIG 5 s i b 1 ‘,’ t h e f r 0 n t s e a t  hack. T h e  f i f t e e n
y e a r  01 d  i n  t h e  r i g h t  re3.r r e c e i v e d  m i n o r  f a c e  a n d  neck i n j u r i e s
o f  u n k n o w n  s o u r c e , pocsi bl y the f ran t seat back . 8 0 t h f r on t 5 e 3. t s
y i e l  d e d  a b o u t  &U d e g r e e s  possi bl 1’ c o n t r i b u t i n g  t o  t h e  r e a r c.ea t
0 c c IJ p a rl t E. i n ,_i u r i e 5. . T h e  d r i v e r  a n d - r i g h t  front p a s s e n g e r  r e c e i v e d
i rl j u r i e5. o f u n IC n own sou r c e . T h e r e f o r e , i t  i s  h a r d  t o  d e t e r m i n e  i f
t h e  r e a r s e a t  o r  r e a r  sea.t  o c c u p a n t s  c o n t r i b u t e d  t o  t h e i r
i n j u r i e s .

C&SE  81-81-018 - 1983 Mercury C:apri - Del t a  (1 17 m p h
A 35 year 01 d 1 ap be1 ted f emal e was i n t h e  r i g h t  r e a r  5eat. She
r e c e i v e d  a n  AIS 2 r i b  f r a c t u r e  f r o m  t h e  f r o n t  s e a t  b a c k . The
r i oh t front c.eat  y i e l  d e d  a b o u t  4 8  d e g r e e s . The r i g h t  f r o n t
0 c c u p a n t r e i e i v e d n o i ri .j IJ r i e 5. .
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U e h i c 1 e 1 I.~J  a 5 t I- awe 1 i n 12 south  o n  a  t w o  1  ane G.~W.J  c o v e r e d  r o a d .
T h e  d r i v e r  l o s t  cc~ntrol~ d e p a r t e d  +rom t h e  r o a d ,  a n d  h i t  a  u t i l i t y
PO1 e. The d r i v e r  w a s  r e s t r a i n e d  by a  1  a.pishor~l  d e r  be1 t . The
r i g h t  f r o n t  a n d  m i d d l e  r e a r  passengers  w e r e  u n r e s t r a i n e d . The
ve h i c 1 e c on t a i n ed a 5.~11 i t ben c h s e a t  wi th a d j u s t a b l e  h e a d r e s t s  i n
t h e  frnnt a n d  a  b e n c h  seat i n  t h e  r e a r . T h e d r i v e r r ec e i ve d an
615 3 i n .j u r y an d I.AJ a 5. i n t h e h cl 5. p i t a 1 t h r ee day 5. an d 1 us t t en days
0 + w 0 r k , The r i g h t  f r o n t  pas.enger  r e c e i v e d  A I  S 1  i n j u r i e s  a n d
1 c15.t one day of kior k . T h e  r e a r  seat o c c u p a n t  waz. unijured. It
was repctr t e d  t h a t  t h e s.e.st trac~.~~~,.,~‘arlchor=  +ai 1 elj. The phntos. 5. h cw
rl 0 ct bv i ou 5. damage. T h e  rl qh t  +ron t  u+ the v e h i c l e  c o n t a c t e d  p o l e
and s.uz tained a b o u t  20 i n c h e s  a$ c r u s h .

RESTRAINT AND INJURIES;

CASE !.,‘EH I CLE
SEATING POSITION:  Driver

5 E>( : Fema  1 e
AGE: 17
!:EiGHT:  6 5 i n .
NE I GHT : 138 1 bs. .
F; E :;TF$, 1 r,jT IJ 5 E 0 : Lap/Sh r~u 1 de r E:e 1 t

Face g L a c e r a t i o n
c h e 5 t 7 & b r a 5. i CI rl
Heady C:oneuc.si  un
Face? F r a c t u r e
Chest F r a c t u r e

F3.i:  e ! A b r a. 5. i cl n 1 1 14 i n dr.h i e 1 d
Face,, L a c e r a t i o n 1 1 GJ i n d E. h i e 1 d
Knee, Con t u 5. i on 1 1 Et. Instr. P a n e l

S t eer i n q Nh e e 1
!seat  Beit
Stee r ing  Whee l
S t e e r i n g  Nheel
S t eer i n 12 111  h ee 1



B
I
1
I
I
I
I
I
I
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1:.,4::aE IL’EH 1 C:LE : 18313 Honda A c c o r d
I‘A 5 E !.s’E H 1 C: L E l,(J E 1 13 HT : 2229 1 bs
I::,+~E  L’EHI I::LE [:lELT& k....’ : 28 mp/-l

?,I e 11 i I:: 1 e 1 iki .3 .s. tr.3vel  i no on a w i n d i n g  r o a d . T h e I j r i v e r I.AJ a s.
d i s t r a c t e d  anld r a n  o f f  r o a d  can r i g h t . Ul w e n t  t h r o u g h  f e n c e  a n d
h i t  a.r1 a p p l e  t r e e . Both o c c u p a n t s  (Jere  hospi tal ired. B o t h  t h e
d r i v e r  a n d  r i g h t  f r o n t  p a s s e n g e r  w e r e  u n r e s t r a i n e d . T h e  f r o n t
- - -k Y.3. t 5 w e r e  tgucket seat.:.  w i t h  +oldinq b a c k s . T h e  hea.drests were
a d .j 1-1 .E’- t a !zl 1 e . T h e  d r i v e r  was h o r p i  tal i ied f o u r  day/s  a n d  t h e  right
+ r OrI t pas.:.enger  ti.kio days , The dr iver c. s.ea t  was.  coded deformed b:J
t h e 0 c c IJ pan t f r on the  f ron t  . H ON ev e r 7 t h e  p h o t o s  shoi.4 n o
deformat  1 ori . T h e  v e h i c l e  c o n t a c t e d  t h e  t r e e  w i t h  t h e  l e f t  f r o n t
an d 5. u .z. t a i n e d a b o u t 2 6 i n c h e 5. iI f c r u c. h .

SE&T 1 r<JG FClS I T 1 OP.1 : Dr i ver
S E:;<’.: Fema 1 e
AGE: 16
H E I G H T :  45 i n .
WEIGHT: 118 1 bs.
RE STRA I NT USED : Non e

A n k l e , F r a c t u r e
Arm? F r a c t u r e
ShCeIJ 1 der ! F r a c t u r e
c. h e 5 t 7 Con t u t. i on
Face, L a c e r a t i 0 n
Face, L a c e r a t i o n
Face! Abr a5.i on
Lower  Limbs.! IZon tusi on
An I< 1 e , &;IJ 1 5. i or!

Q.,” 1 ( $ >

1
1
1
1
3
7
1
1
1

S!=AT 1 r\JG f=‘lI$ 1 T 1 [$J : E i 12 h t F r ICI n t P a E. ,s. en 12 e r
3 E I;<.’.: Fema 1 e
&l;E: 15
H E I G H T :  6 3  i n .
IAEIGHT: 185 1 bs.
F: E E;T F& 1 bJT l-1 :S E [:I : r\Jo n e

Fl oar F’an
S t e e r i n g  Nheel
Steering  Nheel
S t e e r i n g  Mheel
F 1 y i n 12 13 1 2 E. 5.
U n I,: n 0i.J  n
S t eer i n 12 14 h ee 1
Let: t Side
F 1 o o r F’a n

.
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F a c e 3 F r a c t u r e 2 1 F:t. Instr. Panel
Fa.c e , Lacera  t i orI 2 1 II I I I1
Fa.ce; Con t u 5 i 6rl 1 1 II II 1,

Head, II: Et rl c u 5. ‘5. i 0 f-1 1 1 II II II
E 1 hew ! C: 0 n t u 5. i 0 n 1 7 U n 1,: t-1 cw n

( X j [I./ I fi i r e 11 t ? i rl d i r e c t I rl j u r y - < 1 j D i r e c t  C o n t a c t  In.jury - <S>
bi 0 n c 0 rl t a. c t I n .j u r y - i 7 i I n .j u r y Cl rl 1,:: n m4 n

I
t
I
I
I
I
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Vehi cl  e  1 ~v.!as.  northbound on 2 2 -1  ane! u n d i v i de d r o a d . t,J 2 l,tJ  a S.

5-oIJthkti~und  o n the  r.ame road  . u 1 s t r u c k ’  02 headon.\ Ll 1 r 0 t a t e d 18 0
4jetar eec. i CIIJ n t er c 1 oc I<ki  i se . l,J 2 r o t a t e d 5. 1 i oh t 1 y c ou n t er c 1 oc I:‘l.kI i 5.e
a n d  c a m e  t o  rest o n  t h e  w e s t  s h o u l d e r ,  f a c i n g  s o u t h . T h e  f r o n t
se a t VJ a5 a, tt E. n c t-l seat wi th fol ding back . T h e  h e a d r e s t s  l.J,lere
ad .j IJ t. t a. kl 1 e . The r e p o r t  n o t e d  t h a t  t h e seat tracks.;~~anchors  fai 1 ed
a 1 t h o u 12 h t h e FI h ia t 0 C. 5 h oiwe d n o f a i 1 u r e . T h e d r i v er u c. e d h i 5.
1 a. p/s. h o u 1 de r be 1 t . The f r o n t a l c r u s h  v a r i e d  f r o m  28 i n c h e s  o n the
1 ef t to .s.even  i nchez.  on the ri qh t . T h e  d r i v e r  s p e n t  o n e  day i n
t h e h 0 5. FI i t a 1 ,

RESTE&j INT #.JD I/.~JJl-lF: 1 ES

CASE [..!EHI I:LE

~5 EAT I r\J C; F 111s 1 T 1 CI/\J : [> r i ‘$0 e r
5 E:(:: : P1 a 1 e
AGE: 62

H E I G H T :  78 i n .
LtJE 1 I;HT : 1 78 1 t,z. ,

RESTRAINT USED : Lap/Shou 1 der Be1 t

I hi J 1-I  F: I E s AI5 D.,”  I ( z j

Fsce, Atlr asi on
Fat e ? C:on  t IJ 5 i on
Shnu 1 der , L a c e r a t i o n
F a c e ! &VIJ 1 s. i III i-1
Knee, +j t9 r .3.5. i is rfi
Knee ; C: 0 n t u 5 i 0 n
Knee! C 0 n t u 5 i 0 n
Face? Lacer a t i ifin
Leg ( Frtc ture
c. h e 5. t ? Con t u 5 i on
ldr i 5 t ! 1: Ct n t u 5 i Cl n

1 1
1 1
1 1
1 1
1 1
1 1
1 i
1 1
2 1
.-0.a 1
1 1

S t e e r i n g 14 h e e 1
S t eer i n frj blh ee 1
Seat  Be1 t
S t eer i n q Nh ee 1
L t ‘. I n ‘2. t r . P .3 n e 1

II 2 3i
C t r  Instr F’anel
Steering  blheel
'= t e e r i n ;._a bl h 13 e 1
Steerino  Wheel
Lt. -Instr. P a i-1 e 1

C x j D.,.."  1 D i r F; i t .,."  1 rl d i r e 11 t 1 t-1 .j IJ r y,' - < 1 i cl i r e c t I-..rtn tar t In.iury-- --

i 1 ed al though not otw
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/q 1 SC: I I,, F 0 F(lq,$T 1 Ot\J
I,! 1 - lf’82 p1 ymclu th Rel i a.nt - Wei qh t  .r 2 3 2 7  1  bs.. - D e l  ta 1.) 26 m p h

I .CA5& 90-y/- o/b

I
I
t
I
I
I
I
I
I
I
I
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V e h i c l e  1  l e f t  roadMay  a n d  s t r u c k  .s t r e e . The v e h i c l e  csntained a
b u c k e t  seat iwi t h  a  f o l  d i n g  b a c k . T h e  h e a d r e s t  was  ad.jus.tabl  e .
T h e r i g h t f r on t se a t IN a s coded deformed by the lsicupail t . The
ph 0 t 05 5 h CIIJ.J ve r !J 1 i t t 1 e ~j e -6 I:I r m a t i I:I n . Al  though  the  r i gh t  f  ran t
pasE.en gef- .’ 5, i n j u r y  o.Jas  c o d e d  a n  AIS 1: h e  d i e d  o f  a  s t o m a c h
h emmor aqe  ? coded  (‘F&j Fatal - Ru 1 ed Di c.ea5.e. T h e  1  e f t  f r o n t  o f
t h e  v e h i c l e  surtained 2 1 i n c h e 5. 0 t: c r u 5. h .

I:.,+ !:; E c’ E H 1 12 L E
:s E&T 1 ryJ G p 0 S 1 T 1 6p..J : [:a r i a.....’  e r

s E::x:: : ri a 1 e
&I:E: 3 8

HEIGHT :  71 in .
!JE I GHT : 218 lbs.
‘?ESTRk Ir.JT I-ISE[:I  : Au t ems. t i c E:e 1 t

I rd J 1-l R I E s AIS D./’ 1 ( 3 j PROBABLE SOURCE

Chest 7 lI;on tiJ5.i can 1 1
I: h es t 3 citr a5.i on 1 1
l<Jr i s. t ! Abr ;15 i on 1 1
bl e c 1.: 11, 1 1
lzhest J F r a c t u r e 1 1
C t-1 e c. t ? Con tu5.i on 3 1

Ster ins blheel
II II

Lt. Instr. P a n e l
Sea t  Be1 t
:3 t eer i n q bjh ee 1

II II

SEATING POSIT1 ON: f?i gt-I t Fran t
5E;;r’ : r.1 a 1 e
,&I;E: 48
H E I G H T :  6 4  i n .
NEICHT:  180 1 bs.
RESTF:AIr,JT lj$ED: AIJ tom&t i c tel t

::, E&T p E F F I:I /+1~~~,  C. E
Dr i v e r g r.1 0 t: a i 1 u r e - I? i q h t f r on t r deformed by,, oc c u pan t
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I::,+ E ::, E I! E H I I: L E : 17:33 lzh r ys. 1 er L e E; a r 0 rl ( !J 2 j

I::,+ SE !..,‘EH I C:LE WE I GHT : 280 1 1 bc.
I:A:~E L’EHI I::!-E  EEL-T& V: 16 mph

T h e  a c c i d e n t  o c c u r r e d  o n  a n  i c y  2 - 1  a n e  r o a d  c o v e r e d  I.oi th  c inde rs .
I..) 1 l.>.J a 5. SCIU t h bourn d ? V2 a n d  U3 b o t h  n o r t h b o u n d . 01 a n d  U2 i m p a c t e d
1 eft  corner  to  1  ef  t  corner . Y3 t h e n  i m p a c t e d  Ul f r o n t  t o  r i g h t
s i de . The case veh i c 1 e r ‘$2, c on t a i n ed a b en c h s e a t  w i t h  s e p a r a t e
back c u s h i o n s .  a n d  a n  ad.justabl  e  head res t . The “Interi&r” f o r m  i n
t h e  r e p o r t  c o d e d  t h e seat no fai 1 ure whi 1 e the “Occupant
ASS.*= --men t- _. _. ” f o r m  c o d e d  t h e 5 e a t ” t r a c k w”an c h or E. ” f a i 1 e d . Th e
p ti 0 t 0 5. show no observed seat f ai 1 ure. T h e  d r i v e r  w a s .  u s i n g  h i s
1 a p.,” 5.h o u 1 d e r be 1 t . T h e  f r o n t a l  c r u s h  o n  V2 v a r i e d  f r o m  2 7  i n c h e s
o n  t h e  l e f t  t o  n o  cru-1.h  o n  t h e  r i g h t  s i d e .

1.1 e/-l i ~1 1 e 3 i c. s.eat was a.1 5.0 c o d e d  trac~~s/anchors  f a i  1  ed . The f. e a t
C’J a E- a sp 1 i t b en c h w i t h s.ep a r a t e ba c k c IJ 5.h i on 5 . Bo t II e l d e r l y
o c c u p .a n t 5. !~,I e r e IJ n r e 5 t r a i n e d an d d i e d i n t h e a c c i d e n t . Again?  t h e
p h o t o .s. 5 h ok1 n o se a t damage . V3 s u s t a i n e d  a b o u t  28 i n c h e s  o f  c r u s h
across  t h e  f r o n t  o f  t h e  car.i

I:,+Y;E  VEHI I:LE

SE;riTINf3  PI~ISITI~~J: Drit+*er

SEX : Femal e
&,C;E: 55
FrESTW,  I/.-IT IwISED : Lap/Shou  1 der Be 1 t

Head? L a c e r a t i o n
Face! 1: 0 n t u 5. i I:I n

Face g Lacer at i on
C:h e 5 t
14 r i 5 t :

C:on t u 5. i on
Lacer at i on

Head) F r a c t u r e
He a. d ? 11 on c u c. 5 i CI n

. Chec.t? C 0 n t u 5 i on
Ct-I e c- t J F r a c t u r e
An k 1 e ( F r a c t u r e

‘...! E H I I: L E 3
SEAT I NC; PO!5 I T 1 i:ibl : [Jr i ver

SE;< : p..ial e
AGE: 84

HEIGHT :  74  in .
NEIGHT:  15’5 1 bs.
f?Er:;TR&j  INT lJ:;ECi : r..Jc,ne

1 1
1 7

1 7
1 1
1 i
2 1
4 1
3 1
3 1
3 7 U n 1.: n ow n

171



II
B
I
I
I
I
I
I

HEIGHT:  64  in .
NEIGHT:  125 1  hs.
F: E ST ,G:A I r4T Ll S E [:I : r,J ia t-1 e

I r..J 0-T 1-i F;: ! E .:, AIS D./ 1 ( x j F’ R 0 t A E: L E S 0 t-1 F: C: E

D./ 1 ( $( j

Lt. InE.tr. Panel
U n k n ad n
Steer i nq Wheel

172



I
I
I
I
I
I

Veh i c 1 e 1 was.  travel i ng on ic 2-l ane road. ?!2 I,.~.J~c.  t r ~x,:e 1 i n g i n the
o p p o s i t e  d i r e c t i o n . kJ2 tteuan t o  d r i f t  across  t h e  ten t e r  1  i n e  a n d
=. t r IJ i 1.:- _ l.J 1 h ea. d ia rl . The f r o n t a l  c r u s h  v a r i e d  f r o m  47 i n c h e s  o n the
l e f t t o  n o n e  o n  t h e  r i g h t . U2 c o n t a i n e d  a  5.~11 i t  b e n c h  s e a t  w i t h
.z.eparate  b a c k  c u s h i o n s  a n d  a n  adjustall  e  h e a d  rest. T h e d r i v e r
r e c e i v e d  a n  AIS 2  w r i s t  in.jury a n d  s p e n t  o n e  dayin  t h e  h o s p i t a l  .
The r i g h t  f r o n t .  paz.-c.enger  r e c e i v e d  a n  AIS 2  a n k l e  f r a c t u r e  a n d
5 pen t c. i :C day 5. i n t h e h o 5. p i t a 1 . T h e  r i g h t 5. e a t m cl\: e d f or IVJ  a r d
du r ing  the  impact  . The photos s h OI,JJ v e r I,# 1 i t t 1 e f or w a. r d m overly e n t
o f  t h e  s e a t .

H E I G H T :  55’ i n .
NEIGHT:  1 3 6  lbs.
RESTEA I NT USED : Lap/Shou 1 der Be1 t

I N J Ll F? I E S AIS D/I (j<j PF:OGAGLE SCII-IECE

l4r i 5 t g A b r a s i o n 2 7
Face ? L a c e r a t i o n 1 7
HeaId? C:cln c 1-j 5.5. i on 1 7

U n I,: n CIW n
II
II

SAETING  P O S I T I O N :  E i g h t  F r o n t
SE;;;; : Fema 1 e
AGE: 67
H E I G H T :  5’5’  i n .
W E I G H T :  170 lbs.
EESTEAINT  USED  : Lapi’S;hou 1 der Be1 t

Ankle3 F r a c t u r e 3 7 l-1 rt I: rl t:ti.~.J  n
I:: h e 5. t _ , C: 0 n t u 5. i 0 n 2 1 Seat Be1 t
Nrist \ i$J IJ 1 5. i ia r~ 2 7 U n I.; n 1x41  n

:s EAT PER F I:I/+~,$, 11 E
1) r i r...j e r 5. 5. e .3 t r-1 is f % i 1 fJ r e - R i g h t  f r o n t  s e a t  m o v e d  forl.rlard  d u e  t o
i mpa.c  t 173
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